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To 
© The W PRIESTLEY, LL. b. r. x. s. 
The following * Treatiſe on permanently claſtic Fluids 
| g Is Inſcribed 
N By the Author ; F : 


As a mel Tribute juſtly due to the Philoſopher, 2 
Who, by the Zeal, Sagacity, and Succeſs, 
With; which he conducted his Experiments on theſe Fluids, | 
N Has opened | | 
Many New = Rich Sources of wen: 


in 


Natur Pip oF _ 
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| of M. Macquer's Dictionary of Chemiſ- 
17 inſteal of the article Fixable Air, which 


was added to the former edition. This ſabje& - . 
has been lately ſo ſucceſsfully cultivated, ſince 

the writing of that article, that a reviſal and 
large additions were neceſlary |: |: but theſe not 
having been finiſhed in time for inſertion into 
their proper alphabetical place, when the ſe- 


cond edition of the Dictionary was printing, 


and being beſides too large for an additional 
article, the following Treatiſe is ſubjoined : as 
. gu e to chat work. | 3-2 


; The name off wks ſubje& ! is chang FRO 
5 thoſe commonly employed hy Engliſh this; 2 
viz. Fixable, Fixed, or Fuctitious Air, to that of 5 


Gas; a word applied to diſtinguiſh perma- 


nently elaſtic fluids by Fan Helmont, we ür 
_ (ifcoyered, or, at leaft, deſcribed more clearly 


A3 thay 


"THE following ſheets are intended as an 
Appendix to the ſecond Engliſh Edition 
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tic fluids. latent only on the communication 
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than his predeceflors, many kinds of theſs 8 
fluids. The impropriety of applying the word 
Air to all permanently elaſtic fluids is evident, - 


from conſidering that this word has been im- 
memorially appropriated to expreſs only one 
of theſe, namely, the atmoſpherical fluid, and 


that the other elaſtic fluids are very different | 
in moſt of their properties, although they 
have been frequently confounded with it. The 


.. 1impropriety would not be greater, if all liquids, 


were confounded under the name of Water, 
And probably the firſt diſcoverer of other li- 
quids committed this impropriety. Oil he. 


might call inflammable Water z and Vinegary Tp 
acid water. | L 


The e uh of che word rd in a gerte 


_ eal ſenſe to expreſs all permanently elaſtic 
fluids, inſtead of confining it to its ancient 


_ ſpecific meaning, denoting the atmoſpherical 


fluid, was introduced by Boyſe, in conſequence 


of an erroneous opinion which he entertained, 


that all theſe fluids are modifications of the 
atmoſpherical fluid. This phraſeology, found- 


ed on error, has nevertheleſs been continued 


by the reſpectable philoſophers who have ſuc- 


ceeded that author; although they were ſuffi- 


ciently ſenſible of the difference between the 
atmoſpherical and the other permanently elaſ- 


of 


PREFACE vii 
of their own very important diſcoveries, they 
continued the language of Boyle, and extended 
it to the new fluids which occurred to them 
in their reſearches. Thus Dr. Prie/lley, in his 
late moſt ſucceſsful proſecution of this ſubject, 
having obſerved not only many new proper- 
ties of the fluids formerly known, but alſo 
diſcovered ſeveral new fluids, and finding that 
the word Air had been applied by his Engliſn 
predeceſſors to denote generally all perma- 
nently elaſtic fluids, has, in conformity with 
a language which appeared to be in ſome mea- 
ſure eſtabliſhed, given to his newly- diſcovered 
fluids, the appellations of vitriolic acid air, 
marine acid air, fluor' acid air, nitrous air, &c. 
And in continuing the ſame mode of appella- 
tion, he certainly conſulted the eaſe of his 
readers, who were ſuppoſed to be converſant 
with the writings of his predeceſſors, and to 
whom he meant chiefly to communicate the 
further progreſs he had made in this abet 
"Ik the n under whichs the fol- 
: 1 Treatiſe is written, are ſo different 
from thoſe of the celebrated authors Who 
have ſo happily cultivated this ſubject, that 
the ſame reaſons which may be alledged to 
ſhew the propriety of their continuance of the 
language of Boyle are not here applicable : 
hu this ſubject has received ſo very rapid an 
"21 A 4. advance- 
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PR E PACE. 
advancement within theſe few years, that it 
has riſen from a few ſcattered facts, to be now. 


one of the moſt important branches of Natural 


Philaſophy ; and this change is ſo Tecent, thav : 
no, attempt has before been made to arrange 


thele facts, and to give them the form and 
method of a ſcience. As 1 haye firſt under- | 
taken that taſk, it appeared not uſeleſs to re; 

viſe the expreſſions hitherto' employed; and as BY 


a ſyhtematic treatiſe, like the following, 15 


_ chiefly intended for perſons beginning to ſtudy 
the ſubje&, I thought that it ought to adopt 
ow phraſeology which appeared to be the 
moſt perſpicuous, and leaſt capable of miſſead- 
ing the judgment. But certainly the language 


which i is entitled to this deſcription, 1 is that in 


which known and eſtabliſhed words are appli- | 
ed and confined to their known and eſtabliſhed 
meanings, and new words are appropriated t to 


expreſs new. ädeas. Now the word Air having 


been immemorially afligned t to denote the flaid 
which we breathe, which is one ſpecies only 
of permanently elaſtic fluids, cannot be applied 
in a generic ſenfe to the other ſpecies of theſe 
- fluids, without giving the idea of Boyle, that 


they are all modifications of that reſpirable 
fluid. And accordingly. 1 have always per- 
ceived that perſons not converſant! in the ſub- 
je received this impreſſion from the names 
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PREFACE. - iq 
If it be Aledged, that as Boyle, Hales, and 
all the Engliſh philoſophers who have written 


on the ſubject, have uſed the word Air in a 


generic ſenſe, they have thereby eſtabliſhed 


the cuſtom. I grant that cſtam is the arbiter 
of language; but as in law, ſo in language, 
cuſtoms may be good or bad, according to 


their extent. Now the cuftom by which arr 


has been uſed in a generic ſenſe, is confined 


_ chiefly to a few Engliſh philoſophers : : but: 


the cuſtom on which the ſpecific meaning of 
that ward reſts, is popular, and ſo fixed in 
language, that the combined authority of all 
the philoſophers 1 in the world could nat induce }. : 
mankind (when they mean to expreſs the well. 
known fluid which they breathe) to uſe the 

epithets common, reſpirable, or atmoſpherical, 
by which that fluid muſt be diſtinguiſhed by 
all thoſe who employ the word Air in a gene: 
ric ſenſe. While therefore that word is ſa 
employed, the philoſophical language will be 


at variance with the popular language, and 


the acquiſition oy ſience be PR ob 
ſtruGied; 5 


is 


When 12 an Heinen obſerved ide thaw were f 


many fluids, beſides air, which were poſſeſſed 


of a permanent elaſticity, and that the pro- 


| perties of theſe fluids were different from thoſe 
5 pfa air , he very properly gave one name to the 


Whale 


f AIX L 99 5 2. . 
4 % ; 3 ? "of F 20 * wy * 2 


whole genus of ſuch fluids, and diſtinguiſhed 


the ſeveral ſpecies by deſeriptive epithets add- 
ed to the common generical name. And as he 
ſeems to have been the firſt who had the idea 
of a genus of permanently elaſtic fluids, (his 
predeceſſors conſidering all but air as conden- 
ſable vapours) he accordingly applied a new 
word to ſignify this new idea. And in this 
conduct, he followed the example of all thoſe 
Who have arranged natural ſubſtances into ge- 
nera and ſpecies, The word which he applied 
to denote. the genus of permanently elaſtic 
fluids, is. Gas, and the epithets which he add- 
ed to this, word to diſtinguiſh. the different 
ſpecies, are, Splveſire, flammenm, ventoſum, &c. 
According to Junker, (Conſpectus Chemiæ, 
Tabul. XIV.) Van Helmont derived the word 
Gas from the German Gaſcht, or Gaſt, which 
ſigniies a frothy ebullition or eruption of wind, 
ſiuch as accompanies the expulſion of gas from 
fermenting or efferveſcing ſubſtances. In this 
reſpect the etymology is not exceptionable; 
but perhaps the principal advantage of the 
word is, that its etymology 1 is ſo far from be- 
ing obvious, that it cannot nad to any erro- 
: peous opinions Lon eee ORE, 


| 3 this ee of BY word Ra Van 
Helpront has been followed: by many of the fo- 
15 reign chemiſts, aud n others, by M. 
= : _ 
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Macquer, the author of the Dictionary of Che- 
miſtry. But as this Treatiſe is intended prin- 
cipally as an Appendix to the Englith tranſla- 
tion of that work, the ſame language ought 
to prevail in both, and this conſideration. too 
was an additional reaſon to induce me to 80 re : 
1 preſent Phraſeology. 


It has indeed been lately ſuggeſted they Fan 
Helmont did not diſtinguiſh permanently elaſtic 
fluids from condenſable vapours and exhalati- 
ons. But I think a very different opinion will 
be formed on examining his works, in which 

the following obſervations, among many others 
on vice es, are found, = 4; 9 
| . 

ST istein Auids (to h be firſt gare che | 
name of Gas) eſcape from various ſubſtances 
and in various proceſſes. Among the many 
Gaſes mentioned by Van Helmont are, the gas 
ventoſum, or air; the gas pingue, or the fluid 
extricated by applying heat to inflammable 
ſubſtances ; the gas ſylveſtre, or tlie fluid pro- 
duced by foementing or efferveſcing ſubſtances; 
the gas flammeum, or the gas produced in the 
deflagration of nitre; the gas produced in the 
diſtillation of 7artar ; the gas produced in the 
burning of charcoal; the gas of the Grotta del 
Cane, of mines, and other ſubterranean places; 
the gan e . the yore Faction of animal 
| | TO 
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bodies; the matter which occaſions the plague: 
the arterial ſpirit of life; and nes: 11 cele- 
vom Archaus. 5 


2. Theſe, Paſs aiffer e IP which c con- 


Qs of minute particles of water or other li- 
quids, and which may be again reduced to the 
ſame bodies whence it was exhaled ; whereas 


gaſes are incondenſable [quod in corpus non cog? 
HPyaoateſt viſibile; and incaagulabile.] De Flatibus 
. 33. Parador, ſecund. F. 9. Aura vitalis *. 


Thus he obſerves, that the vapour raiſed from 


ſpirit of nitre by diſtillation, is nothing but 
that ſpirit rarefied, which paſſes wholly into 
the receiver, without any gas : :. but that upon 
adding any metal ſoluble in that acid, a gas 
is formed, which is capable of burſting the 
ſtrongeſt veſſels. De flatibus g. 67. This gas 
17-36 evidently that which i is now ſo well known 
by the name of Nitrous Air, and which we 
| have deſcribed in Slap. X. e the name of 
Nitrous Gas, E221 


The Gaſes F/ 7 alſa from tet air, 


(high however he calls Henetimes gas dente: 


Jum). 


* He an wier chat the vapour ND water 1 raiſed into the 


: upper regions of the air may, by cold, be converted into gas; 
aud that gas may, in length of time, loſe its peculiar nature of gas 


and be converted into water. But this opinion is only a conſe- 


quence. of his general theory, that water and air are the two, 
elements from which all things are formed. Gas agu $. I 3. 


5 Y por Les 3 AM fion. 7 am. 8. 38, 


* 
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PREFACE mu. 
ow ) and are not to be conſidered as air which 


had been pent up in the interſtices of bodies. 
| , atq. M. Won. elem. gm: 8. bs 


4; Gaſes do not exiſt, as uch, in the pain 
„ whence they are expelled, but are new produce 
| tions formed, by the action of fermentation, fire, 
and other cauſes, from the deſtruction of bodies, 
and by means of new combinations. Thus he 

obſerves, that the gas formed i in the deflagratt» 
on of gun-powder, did not exiſt in the nitre, 
ſulphur, and charcoal, but is formed by their 
action on each other, and mutual deſtruction. 

4 De flatib. F. 62, 63. 67, 68. Complexion. * 
5 Miſtion. elem. am. C. ar, &c. 1 
\ . 

3 muſt howerdr:be confeſſed. that Van 
Helmont's knowledge of theſe fluids does not 
ſeem to have had much foundation in experi- 
ment, or any other ſupport than the caſual 
[7 obſervation of an ingenious man, more intent 
1 on framing theories than eſtabliſhing new facts. 
| For when his doctrines became exploded, the 
a _ fats he mentions were 10 neglected, that not- 
|, withſtanding the exiſtence of ſo many gaſes. is 
| _ afferted by him, I do not believe that his writ- 
N - ings ſuggeſted the idea of any one of them to 
| | thoſe who afterwards diſcovered them: and it 
B is now only, fince their exiſtence has been 
. X again diſcovered and aſcertained, that we trace 
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them in the works of this author, as a matter 


of curioſity. While therefore we applaud the 
ſagacity of Yan Helmont, in having obſerved 
the exiſtence of many permanently elaſtic 


fluids, and in diſtinguiſhing them from conden- 


fable vapours, and alſo from air; we ought 


not in juſtice to make any abatement from the 


| | honour due to Boyle and his ſucceſſors who 


 afterwards-diſcovered the exiſtence and proper- 


ties of theſe fluids> collected them in ſeparate 


5 veſſels, ſubjected em to various modes of 


experiment, and thence made applications to 
explain the phenomena of nature. I have 
therefore omitted making any further mention 


of Yan Helmont in the following chapters, 1 


having here collected into one view the ſum 
5 what I think is due ee, es 


1 . the Aww Treatiſe ! is he feſt 
| inompe to arrange the knowledge which we 


have acquired on this ſubject, the gentlemen to 
whom we are obliged for this knowledge, hav- 


ing only communicated their proper diſcove- 


ries. Neither ſhould I, at this time, when this 


branch of Experimental Philoſophy is generally 
cultivated in many parts of Europe, and every 


ad brings forth new truths, have thought of 


the preſent taſk, if it had not been a neceſſary 
| ſupplement to the edition of the Dictionary of 
= 3 now N M. Lavoifier has 
ip | ; indeed 


” 
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indeed given an account of the progreſs made 


by the ſeveral philoſophers who have advanced 


our knowledge on the ſame ſubject. But his 
plan is very different from mine. He relates 


the diſcoveries in the order in which they oe- 
curred to their authors ; thus including in one 


chapter all the diſcoveries made by one man 


concerning many different kinds of fluids. 1 


relate theſe diſcoveries in the order in which 


they are naturally connected; thus collecting 
into one chapter all that is known concerning 
one fluid; and at the ſame time aſſigning each 
diſcovery, concerning this fluid, to its proper 


author. M. Lawvorfeer's work is uſeful and en- 
tertaining, eſpecially to thoſe who are already 
cConverſant on the ſubject, as it ſhews how 
much each perſon has contributed. Mine r 


hope will not be leſs uſeful, as it preſents the 
ſcience in the order in which it is naturally 
connected, and in which it may be moſt eaſily 
attained. But while I expreſs my hope that 
this Treatiſe may facilitate the ſtudy of the 
ſubject to learners, and may even be agreeable 
to perſons already informed, by exhibiting - 
under one view the principal diſcoveries and 
obſervations arranged under their proper heads, 


yet my aim is not to ſatisfy the curioſity of 
readers, but rather to excite it, ſo that they. 


may recur to the ſame valuable originals, of 


which I have rather extraQud the heads, thau 


ee | 
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exhauſted the contents; and where 3 wilt 
find many obſervations tending to confirm the 
principal reſults; many facts curious, but too 
detached for inſertion in the following pages; 
and much. 3 ſpeculation. . 
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o ſhew the method of making experiments on 
1 the elaſtic fluids or gaſes deſcribed in this 
| Treatiſe, the annexed plate and the following ex- 
JJC. ⁵ / 
The gaſes ought to be contained in Jars, or other 
glaſs veſſels, B, G, P, (Fig. 1.) whoſe mouths are 
"Inverted into water. of ſome other viſible fluid, that 
the gaſes may be kept ſeparate from the atmoſpheris _ 
cal air, and that their bulk may be diſtinguiſhed.” 
When a jar, as B, is intended to receive any gas, 
it ought to be previouſly filled with water, and its 
____.__ mouth inverted into another larger veſſel, contain- 
ing alſo water, ſuch as the oval or oblong wooden 
. tuß A, which ought to be raiſed ſo that it may be as 
high as the operator's hands. This tub, being filled 
with water up to W, is a very convenient veſſel for - 
receiving ſuch invetted jars; as it affords toom for 
| ſeveral of them'to ſtand in it at once; and thus the 1 
geaſes contained in them may be poured from one Jar « 
into andther jar, or other inverted bottle G. If tige 
mouth of the bottle G be narrow, the transfuſion of 
gas into it from anothet veſſel I, is facilitated by tze 
ns funnel H. This method of pouring gaſes from one 
| | velltl into another, by immerſing the mouths of the . "3 
veſſels under water, is deſcribed by the Hon. Mr.. 
Cavendiſh, Phi; Tranſ. 1266. 
In the tub A, Dr. Priefley places a ſhelf K a little 
below the ſurface of the water, for the more commo- 
dious ſupport of jars containing the different kinds: of 2 Rl 
gas. The jar B, which is to receive the gas, ought '' Nx 
to be placed ſo upon the ſhelf, that one of the edges 
of its mouth ſhall hang over the ſhelf, and that che 
mouth of the glafs tube D may be allowed to'paſs - 
> under that edge; by which diſpoſition the gas iſſun. 
ing from the phial C through the tube D may rile „ 
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xviii Explanation of the Plate. 
into the jar B. Some perſons recommend to have 
the ſhelf pierced with a row of holes along its edge, 
and to have a ſmall funnel with its mouth inverted 
fixed into each of theſe holes. | | 
In order to procure gas, let the materials, which 
are to yield it, be put into a phial C, into the neck 
of which is F a bent glaſs tube D: or, the tube 
may be made to paſs through a cork fitted into the 
mouth of the phial, in thoſe operations where the 
materials employed are not capable of corroding the 
cork, and thereby of altering the quality of the gas. 
Let the end of the bent tube which is moſt remote 
from the phial, be ſunk in the water of the tub A, 
ſo that it ſhall be immediately under the mouth of an 
inverted jar B previouſly filled with water, and that 
the gas produced from the materials in the phial ſhalt 
| paſs through the tube into the jar, in which it will 
.  difplace part of the water, and be collected. If heat 
be required for the production of the gas, the flame of 
a candle or of a lamp may be applied to the bottom 
of the phial, which - ought to be blown thin and 
round, that it may be leſs liable to crack by the heat. 
Ihe above method of procuring gas is employed and 
_ deſcribed by Dr. Prieſtley, in his Obſervations and Ex- 
periments upon ir. it 
This operation may aiſo be very well performed, 
by employing, inſtead of the phial and tube, a ſmall 
retort E, with a long narrow neck, the mouth of 
which is immerſed in water under the mouth of an 
inverted jar F. Such ſmall retorts are very conve- 
nient, as they have no joints; and where conſider- 
able heat is to be applied, a chafing-diſh with lighted 
charcoal may be put under their bottom. : 
When a heat greater than glaſs veſſels can ſuſtain 


is to be applied, the materials are to be put into a 
gun- barrel, or other metallic tube, and the cloſe 
end of the barrel, in which the materials lie, may be 
put between the bars of a common grate, among 
the burning coals, and to the mouth of the te 
map be fitted, by means of Jute, a glaſs tube, ws 
OL „„ noſe 
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| Explanation of . the Plate. xix 
noſe of which may be placed under the mouth of an 
inverted jar previouſly filled with water, and ſtandin 
in the tub, into which jar the gas expelled by tbe 
violent heat from the materials in the gun- barrel will 
paſs and be collected. _ „ 
As ſome gaſes are capable of being abſorbed by 
water, ſuch as the acid and alkaline gales, this liquid 
is not fit to be employed to contain them, &c. there- 
fore quickſilver muſt be ſubſtituted. For this pur- 
poſe Dr. Prieſtley recommends the uſe of a ſmall 
wooden trough to contain the quickſilver, in which 
the ſame operations with ſmaller jars may be per-- 
formed, as are above deſcribed to be done in the 
wooden tub, Fig. „ : TE | | % 5 8 
Wben a jar containing gas is to be removed from 
the tub, let a hollow plate, ſauger, or other veſſel, 
whoſe orifice is wider than that of the jar, be im- 
merſed in the tub, and flipped under the inverted 
mouth of the jar. The two veſſels may then be re- 
moved from the tub, and the external air will be 
prevented by the water contained in the lower veſſel 
rom entering the jar and mixing with the contained 
gas. By this method any number of jars containing 
gas of different kinds may he ſet apart, for future 


Experiments, and when there is occaſion to paur any 
of the gas contained in them into other veſſels, they 


muſt be again immerſed in the tub, and the transfu- 
ſion performed as before directed. When, in mak- 
ing experiments, upon theſe fluids, jars containing 
gaſes of different Kinds are ſet apart, it is neceſſary 
to ticket them, in arder to prevent miſtakes, _ _. 
When a quantity of gas 1s..to be tranſported ta a 
diſtant place, a bottle may be filled with it by means 
of a funnel. in the manner repreſented in Fig. 1. G., H; 
and a cork may be introduced under water into the 
neck of the bottle. The gas thus contained in the 
bottle, and ſecluded from the external air hy means 
of the cork and the {mall quantity of water that re- 
mains in the neck of the battle, with which the cork 
is kept moiſt, may be carried ſafely to any Oe. 
E N Mo FE a2 DOT, . if 
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ſmaller veſſel 


materials. The air contained 


and full of water, ieee erde fe oo — — in the plate. 
The apparatus thus joined, a 

be removed from the tub, and ſet a 
. Prevent the Water contained in the Ars from runnin 

Dover during the efferveſcence, 1 0 of it ought to b 8 
drawn off from N jars L and O, by putting the 
morter leg of a ſyp 


veſſel P; and an acid in 


Tp 
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if 'care be taken” to keep it in an inverted "poſt: 
| tion. g 


"That the gas may be mixed with as little air, 


as is. poſfiblé, it is proper to allow the efferveſeence 
of the materials to proceed during a minute or two 


before the mouth of the tube or of the retort be 


put under the inverted jar. By this method the 


greateſt part of the air contained in the veſſels is 


; thrown out; although ſome fmall portion will always 
remain. If the gas thould be required perfectly 


free from air, the following apparatus may, be em- 
ployed. 


Into two glafs Jars Land O(Fig.2.) tet two fmaller 


prune and N be inverted ; : and let a communication 


e formed between the two inverted ' jars, by means 


of a bent tube . each . of which opens into 


nv! the Jar f „let A 
be placed to (ori 'the . | 

the. feveral Jars and 
tube is ro be expelled; by plungin them i into the wa- 
ter of the tub A, and Joining "while immerſed 


one of theſe Under the 


28 of water, may 
on a table, Ta 


on ar bent übe; previouſly: filled 
with water, into r of theſe Veſlels, till the fur- 
face of the water in the outer Jars be lowered to; about 
the height of the dotted line e, The apparatus beidg 
thus prepared, if the matter, from! hte the gas is to. 
be procured, he a liquid, as the ſolötion of potaſh in 
water, it may be poured m che tube R into the 
aftetwards poured = 
through another fimifar rad ipto the ſame” veffel, 


Were the acid and atkaline liquors mixing with' the 
Water contained in the veſſel, and wittr each other, . 


produce an efferveſcence. The gas riſes towards the 


. wy” of the inverted * N, and W the water into 
3 „ LINE 
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the jar O. As more gas riſes, it. occupies more apd 
more of the ſpace © 
forces its way through the bent tube Q into the jar 
M, where it is collected. For, its paſſage through 
the tube Qinto the jar M, is reſiſted only by the co- 
lumn of water contained in the jar L, that is, from 
the ſurface of the water at e, to the bottom of the 
Jar L; whereas the eſcape of the gas under the in- 
verted mouth of the jar N, is reſiſted by the column 
of water in the jar O, the height of which is mea- 
ſured by the diſtance between V repreſenting the ſur- 
face of the water, and the bottom of the jar. And 


this column is rendered higher than the former co- 
lumn; becauſe a part of the water of the jar N is 


forced out of it into the jar O, by the gas occupy ng 
the upper part of N. But when the gas paſſes into 


: the | Jar M, it forces part of the contained water into 


theJar L, and may raiſe the column of water therè ſo 
bigh, that the gas ſhall eſcape under theinverted mou h 


the j jar N into the open air, more eaſily, than it 
can pals through the tube Q into the jar M. It is 
therefore neceffary, during the operation, ſometimes 
to draw off part of the water from the jar L, by means 
ö — a ſyphon, that the paſſage of the gas into the jar 
be facilitated. When the Jar M is nearly 


| Full [of x as, it may be raiſed a little, in order to dil 
engage Te from the end of the tube Q, and may be 
then removed along with the jar L; and two other 
ſimilar jars, one inverted within the other, and both 


previouſly filled with water, may be ſubſtituted in the 


place of L and M, to receive the gas which conti- 
nues to paſs through the tube Q. The operation 


may be continued by changing the) Jars, and by add- 


- Ing occafionally more alkaline or acid liquor throu 
the tube R; and _ quantities VE? Sas obtained 
without any mixture of external air. c 


If the ſubſtance, from which the gas is to be: pro- h 


Acc be ſolid, as marble, or metals, it may be put 
into the veſſels p, before the apparatus is removed 
From the tub of RE: and the acid liquor may be 


; | : en x 


he jar N, and it gradually | 


en upon it through the tube R, as above. de- 


If conſiderable heat be required to produce gas 
perfectly free from mixture of external air, the moſt 
aceurate method of accompliſhing this purpoſe is that 
practiſed by Dr. Prieſtley in ſome of his expetiments, 
namely, to put the ſubſtance, whence the gas is to be 
produced, into a phial, the bottom of which is thin 
and round; to fill up the phial with mercury; to in- 
vert this phial into a baſon containing mercury; and 
to throw the focus of a concave mirror, or of a lens, 

upon the ſubſtance, which being lighter than the mer 


1 ury, will float on the ſurface of this fluid, under the 


- thin bottom of the inverted phial, 


8 g 4 


Io try the effect of any gas upon the flame of 1 


candle, let a piece of wax taper be faſtened to one 


end of a wire, as is repreſented in Fig. 3. and let the 
lighted taper be dipt into a ſmall ary, previouſſy 
filled with the gas or air to be tried. 9 5 0 
When the diminution occaſioned by mixing nitrous 
gas with air is to be obſerved, it will be proper to have 
two or more ſmall jars V, graduated with a file or 
diamond, each degree being equal in contents to an 
ounce meaſure of water, or to any other given bulk, 
By means of theſe gradyated jars, the quantities in- 
tended to be mixed of the air and nitrous gas may be 


firſt meaſured ſeparately, and; the diminution, which 


they ſuffer by their action on each other, may he col- 
lected from obſerving the ſpace aceupied by them, af. 


* 


ger they have — ͤQ od bin ia oe og, 
Signor Landriani, Abbe Fantana, and Mr, Magellan, 
have each invented inſtruments, which they call eudig- 
meters, by which the diminution upon mixing air 
with nitrous. gas, and conſequently the degree of ſa- 
Jubrity of che air examined, are intended to be aſcer- 
rained more commodioufly, eſpecially upon journeys 
than by the abovementioned apparatus of 3 | 
- jars. But notwithſtanding the ingenuity ſnewn in the 


_ © -contrivance of theſe inſtruments, the greater ſimpli- 


city of the graduated jars. will, perhaps, claim 7 


* 
15 N 
925 5 8 
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preference. For although this apparatus requires a 
pretty large veſſel of water, in which the transfuſion of 
the air and gas is to be performed, and although it is 


therefore not ſo portable as the eudiometers, yet no in- 
conveniency will ariſe, when we conſider the facility 
of tranſporting the air to be tried. For which 4 | 


nothing more is 1 than to carry a phial filled 
with Water to the place, the air of which is to be ex- 
amined, and to empty the phial in this place; by 
which means it will become filled with the air requir- 
ed, and by corking the phial, the air will be prevent- 


ed from mixing with any other air, and may be kept 6 


till a convenient opportunity offers for trying its pu- 


rity, by ning it with nitrous gas in a graduated jar, 


as is above deſcribed. TE Ek 

Fig. 4. repreſents a ſection of an apparatus of glaſs 
_ veſſels, in which water may be impregnated with the 
gas extricated from chalk and other calcareous or 
alkaline ſubſtances, by means of acids. See chap. XIV. 
_ of this Treatiſe, F. 118. This apparatus, which was 


invented by Dr. Nooth, and is deſcribed in the Phil. 


_ Tran. vol. 65th, confifts of three veſſels, 8, T, and V, 
well fitted, by grinding, into each other, in the man- 


ner repreſented in the plate; and of a glaſs valve 


placed in the lower neck of the veſſel T, ſo contrived, 
that it ſha]l admit the gas, which is extricated from 
the efferveſcing materials contained in the veſſel V, to 


paſs from this veſſel into the veſſel T contaiving the _ 
water to be impregnated; but that it ſhall prevent this 


water from falling into the veſſel V. This valve con- 
fiſts of three pieces, views of which are repreſented 
upon a larger ſcale by the figures I, m and 1. The 


19199 I and n are cylinders fitted by grinding into the _ 


ower neck of the veſſel T. The lower piece x is per- 
forated along the axis of the cylinder. In the upper 
Niece i, there are ſeveral very ſmall perforations paral- 
: Jet to its axis. Between theſe two perforated cylin- 


ders is placed the piece n, which is a ſegment of a 
fee and is moveable. The level ſurface of this 
© 


egrnent reſts upon the upper, ſmooth, and level _ 
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face of the piece , covering the perforation, and. 


% 


thereby preventing the water contained in the veſſel 
from falling into the veſſel WW. 
When the apparatus is to be uſed, let the upper 


veſſel S be diſengaged, and the veſſel I be filled with 


the water to be impregnated. . Let as much water be 
poured into the lower veſſel V as is ſufficient to cover 
the bottom of the veſſel. Some powdered chalk is to 
be thrown into this veſſel; and then, as much acid of 


vitriol, as may be thought ſufficient to ſaturate the 


chalk, is to be added. Theſe efferveſcing. materials 
may be put into the veſſel V, either through the 
mouth of this veſſel, after the veſſel F has been diſen- 
gaged from it; or, without diſengaging the veſſel T; 
through the aperture q, which is afterwards to be accu- 


155 rately cloſed with a ground ſtopper. Laſtly, the veſſel 
S is to be fitted to the veſſel I. When the gas riſe 


from the efferveſcing materials contained in the veſſel - 


: V, it paſſes through the perforation of the cylinder a 


preſſes upon the level ſurface of the lenticular piece 
mM; raiſes this piece a little upwards; eſcapes into the 


- ſmall ſpace between the two cylinders I and #; and 
thence aſcends through the ſmall perforations of the 


cylinder /, and alſo through the water contained in 


the veſſel T, in the upper part of which it remains 


collected. When the gas enters the veſſel T, it forces 


ſome of the water, contained in this veſſel, to riſe into 


the upper veſſel 8, Which is left open, or is only cloſed 
with a perforated ſtopper, that vent may be given to 
the contained air, when the water is thus forced into 
2 . | | 
The gas remaining 


in the upper part of the veſſel T 


is gradually abſorbed by the water contained in this 
veſlel; and this abſorption may be promoted by fre- 


quent agitation, which brings new portions of the 
water into contact with the gas. The abſorption of | 
gas is alſo promoted by the preſſure occaſioned by the 


column of water raiſed up into the veſſel S. For preſ- 
ſure facilitates the, abſorption, as Mr. Cavendiſh has 


obſerved. The preſſure might be increaſed to any 
CVVT 
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given degree, by a valve (ſimilar to the ſafety- valve of 
a fire · engine) fitted into the mouth of the veſſel 8; 
or by a mercurial gage, as has been propoſed by Mr. 
 Warltire, (Exper. and Obſerv. vol. III. Append.) And 
thus a much ſtronger impregnation of water with gas 
may be effected, than is poſſible without artificial 
compreſſion. Cold alſo facilitates the abſorption, as 
appears from the experiments of Dr. Hales. For the 
more commodious agitation of the water, Mr. Ma- 
_ gellan has added to the above deſcribed apparatus two 
more veſſels ſimilar to S and T, by means of which 
the impregnation: of water may be carried on at once 
in two ſets of veſſels, one of which ſets is to be agi- 
tated, while the other is receiving the gas from the 
efferveſcing mixture in the lower veſſel. V, and thus 
the water in each ſer of veſſels is alternately ſupplied 
with gas and agitated. By this method water may 
be impregnated with gas in a few minutes. RT 
As the veſſel V contains much air, at the beginning 
of the operation, it is proper to let the efferveſcence 
proceed, during ſome minutes, before the ſeveral veſ- 
ſels of the apparatus are joined together, that the 
greateſt part of the air may be expelled, before an 
ü gas is collected in the veſſel . When the water is 
ſufficiently impregnated, it may be occaſionally drawn _ 
off at the ſpout o, by removing the ſtopper. _ 
I d the water thus impregnated with gas ingredients 
may be added to give to it the peculiar qualities of the 
ſeveral mineral waters. Thus by adding a piece of 
iron to the impregnated water, the chalybeate pro- 
perty of Pyrmont water may be communicated. - _ 
Dr. Priefiley impregnated water, by expoling it to 
the ſtratum of gas which floats over the ſurface of 
"Vquors. undergoing the vinous fermentation in a 
| brewery, and by pouring this water from one veſſel 
to another, in order to encreaſe its ſurface, and there- 
by to haſten the impregnation. The Duke de Chaulnes 
Bas ſhewn how very large quantities of water may be 
impregnated very. expeditiouſly with the gas of a 
brewery, by agitating the Done immerſed in the ſtra- 
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be e is to be turned quickly and alter- 

nately from right to left, and from left to right, and 
thus a ſtropg impregnation is ſaid to be given in a few 
migutes. he Duke recommends that conſiderable 
quantities of water hould be thus impregnated in 
rest breweries, and put into large bottles well wk | 

ec and waxcd, in which it may be ſafely tranſported, 
ff Kept ail irs wle! s. 
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„„ n HELI $4.34 „„. : 
*The Dute dt Chatlnes availed himſelf of the great quantities 
of this gas which is to be found in 3 brewery to exhibit, in pre- 
{ence of the Academy of Sciences, ſeveral of its properties more at 
large than had/heen done before, at teaft in France, where the 
fubjett is. much more recently cultivated than in England, and he 
#ccompanied his experiments with a memoir on the phenomena 
produced: by this gas, which will be; printed in the next volume 
of Memoires des Scawaus Etraugerss ,, 
Ide gas which he employed is that which floats on the ſurface 
of deer Jurtog its fermentation. He obſerves, that the atinoſphere 
of gas Which rites from this liquor fills / all the upper part of the 
vat, in the bottom of which the beer fetments. The depth of the 
vat from its edge to the ſurface of the liquor was ſour feet, and 
this ſpace was Med ich os unmixed, or at leaft, in a very ſmall 
degree, with ar. VVV 
lde Duke de baulues plunged a jar into this ſtratum of gas, 28 
one plunges a veſſel into the water contained in a baſon, and he 
withdrew it ſo full of gas, that a candle was extinguiſhed as ſoon ag 
it cane to be level with the edges of the jar. He then poured 
this gas into apother jar of equal fize, in the ſame manner as wa- 
ter or other tiquors are poured from one veſſal into another. The 
gas deſeepds by this eaſy operation from one jar to the other, ſo 
hat a candle will now burn to the bottom of the firſt jar, and will 
de extinguiſhed as ſoon 42 enters the ſecond. The greater Bip” 
ny of the gus than of air is thus ſpewn in à ſtriking manner. 
_ Nothing can be more ſingular than his action of pouring from one 
+ . xeflel into another, Where nothing appears that is thus poured, 
and to ſee nevertheleſs a candle 5 become ex tinct, an ani - 


a nf 1þ 


mal die in a few ſeconds, and an alkali made to cryſtallize, when 
- they afe put into this ſecond jar, 'Which does not ſeem to contain 


_— 9 5 « 
f He 
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Many other contrivances for the performance of 
particular experiments are deſcribed in the writings of 
Dr. Hales (Stzatits) Mr. . Cavendiſh (Philo. Tranſ. 

1766, 1767) Dr. Prieſtley (Oh/ervations and Experi- 
mints on Air, three vols.) and M. Lavoiſier (Opuſculus 
 phyſiques et chemiques, Vol. J.) | 


| He moiſtened the inner fides of a jar with oil of tartar per 
deliquium, and poured into this jar ſome gas. In leſs than a 
minute, theſe ſides were covered with cryſtals. 
By putting ſome cauſtic volatile alkali into a veſſel filled with 
„ and well cloſed, he produced a vacuum, as appeared from 
= fall of the mercury of a barometer, inſerted into this veſſel, 
He filled large ſtone- ware bottles with this gaz, by holding them 
ring ſome time in the vat over the ſurface of fermenting liquor, 
| having corked the bottles, ordered them to be carried to the 
academy, in preſence of whom he exhibited his experiments. 
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08 T, perkaps all, ſubſtances, ſolid” and 
liquid, may, by heat, more or leſs intenſe, 
be converted into fluids exceedingly rare, 


inviſible; and highly elaſtic. © Thus when water is 


— expoſed: to a heat ſufficient! to raiſe the mercury in | 


Fahrenheit's thermometer to 2129, if it be not ſubject 


to a greater preſſure than that of the atmoſphere, it 


becomes gradually changed into vapour, which is a 


fluid rare, inviſible, and highly elaſtic; and the water 


thus changed, while it continues expoſed to that tem- 
pPerature and Lada 8 retains its elaſtic ne 71 

V Several 
's 9 the vapour of water 1 viſible, the water is 
md longer in the ſtate of vapour; but is again condenſed, that is, 
reduced to its original ſtate of a liquid; as is explained in F, 2. 


Por fogs and. yiſible exhalations, are nothing but aſſemblages of 
very minute drops of water formed by the condenſation of vapour; 


which drops are ſo ſeal 225 they can, N overcome the re- 
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its great 
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— oo bs - -Deftition and 3 — 

Several ae which were — | 
ep by fire, have been lately diſcovered to 
ſuſcept tible of and mar „ when expoleg to a heat 

; Oo inlenſe Diamonds have been lately ſhewn 
by the French Academicians to be evaporable by a 
heat not much more intenſe than that uſed in the cu- 
pellation of filver. Gold and filver are ſaid to have | 
been Seh el by Fa heat ofa) a Gutes mirror +. | 
2. Many of the ſubſtances thus volatilized, or con- 


5 verted into a rare, inviſible and elaſtic fluid, by heat, 


may. be again condenſed into concrete, or palpable 
and viſible ſubſtances by « expoſing them to a heat leſs 


| - - Intenſe than thatwhic was neceffary to-produce their 


evaporation. Thus whery the vapour of water is ex- 
poſed 1 8175 Fa heat leſs than 212 , it loſes - 


[ 


lafficit ity, and bulk; and is again condenſed, 
that is, reduced. its ofiginet: Fu of a-liquid. All 
thoſe: rate inviſible and elaſtic fluids which may, by 


; gold, or ſuch 4 degree of it as has been hi derte A- 


: - Phed, be thus condenſed, are called vapourg.! / 


3% Several other highly elaſtic, inviſible, rare bold 
cannot, by he cold of the atmoſphere, or by any 
udęgree of gold to which they have hitherto been 


known to be, expoſed, be thus condenſed. Such is 
_ ain which. we' breathe, and ſuch are the! elaſtic 
„ which-eſcape. from wine and other fermenting 
dauere a> from een eſeing mixtures of acids 

; ES . Theſe 


3t 19434 $541 22 Hats * 0 75 1s IJ ©0909 58181 5 2 


fiſtance which the air makes to they Sen and 3 ſeem | 


to be fuſpended in that fluid. For their gravity being as their 
9 quantity of mattet, aud the reſiſtance of the air being as. their ſur- 
faces; it follows, that the ſmaller the drops are, the more 1 


3 "wes n be grew eb their deſcent-through the We nel 8 
; ; 5-4 8 Supplement, Tome . 5 
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FAR of - Gale? 83 
: Theſe: Fluids are called permanently elaſtic, becauſe 
"ay cannot, like thoſe mentioned in 5. 2, bedeprived 


of their elaſticity by cold'*, - They are alſo called Gas 


by Van Helmont, who diſcovered: many of theſe per- 
manently elaſtic fluids, and comprehended the whole 
genus of theſe i fluids under this appellation; while 
he diſtinguiſhed the ſeveral ſpecies, by adding de- 
ſcriptive epithets to the generical .term ; as. an Hi 
veſtre, gas ventoſum, gas flammeum, &c. + 
4. A Gas may therefore be defined © AN EXCEED- 
h © INGLY RARE, HIGHLY re INVISIBLE Fluid, 
T5 % NOT CONDENSABLE BY. COLD.” 1 


By this definition Gas may be diſtinguiſhed from 


other ſubſtances, » The elaſticity. of; gaſes is ſo great, 
that they can ſupport -the weight. of the incumbent 
atmoſphere, and yet remain ſo rare, that although 
. ſome are denſer than others, yet they are all ſeveral 
hundred times lighter than water. They are diſtin- 
guiſhed from ſmoke ind other vifble exbalations, by 
dna Og e and alſo by their great elaſticity; 


'\ 92 22 : Ss . MY B 2 8 +5 £ 8 . » " and 
* } * 1 * 42 
Ly 4 
* 


43 * \ The Fluids called e elaſtic,” may. be fred, abforbed, 
or deprived of their elaſticity, by being combined with other ſub- 


"ſtances. Thus ihe permanently elaſtic fluid obtained from cal- 


1 cCareods earths; may be abſorbed by water, or by⸗ che quicklime that 


is diſſolved in- lime- water q and when it is thus abſorbed and com- 


bined, it is reduced: to u ſpace ſeveral- -bundred times leſs than that 
wich it before occupied. And further, although theſe, fluids 
| | | retain their elaſticity i in any degree af cold to which they bave 
been expoſed, we cannot with certainty infer, that ſome of them 
might not be condenſed by a more intenſe cold. The permanency 
ol thei elaſticity;] therefore, of cheſe. fluids is to be under ipod only 


. as relative, 1ſt, to their uncombined ſtate, and, adly, to, any de- 
gree of cold to hich, they have hitherto, been known to, be : 


1 


„ erppled. 


ont, e 0 


os. See an enumeration of the principal gaſes oblerred « by Ya 


be : e if. Gaſes. | 
and they are diſtinguiſhed from ey: wy: their not 
baus condenfable by cold. 
5. The various kinds of Gas hickory Riſcoverad, 
- 3 or produced by art, are enumerated below. 
Theſe ſhall be treated ſucceſſively. Others will pro- 
bably be diſcovered by means 1 . ene 
. eee 175 
3730; OY F 
3 Calcareous Gas. n 
„„ "08 Inflammable Gas. 
IT 243% 14:4. Nin Gas, 
| 3 Vitriolic acid Gas. 
6. Marine acid Gas. 
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6. 41 Ris the inviſible, „ infpia, bas n 
ſonorous, reſpirable, and permanently elaſtic fluid 
5 furrounds gur Globe. From the permanency 
. of. elaſticity, it is comprehended in the defini- 
tion given (5. 4 of Gaſes, of which it is therefore 
à ſpecies, and might be called Atmoſpherical Gas, in 
conformity with the mode which we have adopted of 
© denoting the ſeveral ſpecies of permanently elaſtic 
fluids by deſcriptive epithets. added to the generical 
word Gas; but the word Air having been immemo- 
_ rially applied to fignify this fluid, we ſhall, in the fol- 
"lowing pages, employ it in this popular ſenſe, and 
mall confine it to denote the atmoſ Pherical fluid alone. 
And when I ſhall have oecaion to mention thoſe re- 


_ Hable 7 


Arc = ES 
ſpirable und permanently elaſtic fluids which may be 
obtained by certain artificial proceſſes, and to which 
the ſame name cannot be denied, as they poſſeſs all 
the known properties of air, I ſhall diſtinguiſh them 
from the atmoſpherical fluid, by adding the epithet” 
faZitious to the word air T. Phyſical writers have 
treated copiouſly on the gravity, elaſticity, and other 
mechanical qualities of air. Its chemical properties have 
been diſeuſſed at the article Air of the Dictionary of 
 Chemiſiry. Here therefore ſome ſupplemental obſer- 
vations only ſhall be added, concerning its affeions 
by different ſubſtances, and its conſtitution. ; = 
7. Air is capable of combining with various ſubſtances. | 
Hence the atmoſphere is replete with diverſe exhala- 
tions, and with all thoſe matters which the air can 


diſſolve: and its properties are affected by the Want 1 


rity and kind of foreign particles contained in it. 
8. Water is one of thoſe ſubſtances which Air il ca- 
pable of diſſolving ; and accordingly more or leſs of this 

liquid is always contained in the atmoſphere; as 
1 from the moiſture imbibed by dry cauſtic 
3 „„ _ alkali, 


1 The wut air us been uſed. by. Mr. Bol Pr. Hales Dr. 
Black, Mr, Cavendiſh, Dr. Prie/tley, and other Engliſh authors, to 
denote the whole genus of permanently elaſtic fluids, moſt of wick 
differ widely, i in their properties, from the atmoſpherical fluid. 3 
have, in the preface, given my reaſons, for confining this word . 
to its proper, antient and popular meaning, and for giv OH other 

names to the fluids which theſe authors have diſtinguiſh 


terms, fixed air, inflammable' air, nitrous air, &c. But to pre- 
vent any ambiguity that might ariſe from this difference of phraſe- 
ology, I have, in treating of each fluid, mentioned the names by 
which theſe authors have diſtinguiſhed it. Thus when they ſpeak 
of the fluid which is the ſubject of this chapter, they add to tbe 
word Air, (by which alone it is eee in this re 


e common, or, e 3 


by the 


| 
| 


* 9 
3 

4 

2 


5 07 Ow | 
= - alkati- expoſed: 0 air, or from the 3 of | 
moiſture on the external ſurface of à veſſel in 
F which artificial cold. is produced by mixture of ſalt 
El and ſnow. Probably no part of the atmoſphere. is ever 
free from a portion of , diſſol ved water, beſides the 
|. |, watery particles chat float viiby, (for water diſſolved 7 : 
n air is inviſible) forming clouds, and fogs; all which 
= are mechanically ſuſpended in thelighter;atmoſphere, 
l as gold-leaf is 0 e am mot ene nee 
' win then © 
9. As water is capable of 1 -diflotved: by. air, 
1 and thereby diffuſed through the maſs of the atmo- 
ſphere, ſo alſo is air capable of being abſorbed by. water, 
and the air łhus abſorbed ſeems to loſe part of its 
elaſticity. Thus if water be deprived by boiling of al! 
the ait or other Gas contained in it, and afterwards. be 
. Expoſed to the atmoſphere, it will. abſorb; ſome air. 
And if a bubble of air be admitted into an inverted 
bottle filled with boiled water, the whole quantity of 
air will de abſorbed/ provided the bubble of air be not 
larger than is AO een 09%. quantity of water 
employed “?. 

The quantity of air capable of being abſorbed by a 
given quantity of water, is, according to Dr. Hale, 5 
equal in bulk to one fifty- fourth part, and according „„ 
ng © to one n e the water ae . 

1 0. Ain 


* + This aer of . eee cid to oe. Tos 
eld no ſenſible ericreaſe of the bulk of the liquid. Mu/chenbrook = 
| however obſerves that: the air abſorbed by water does add. a very 
umu to the bulk of the water; but chat any difference it may pro- 
ducee in the ſpecific gravity of the liquid ĩs ſo ſmall that it e 
* be diſcovered by experiment. Hitrod. F. 18. 
1 We need not wonder that a ſubſtance ſo rare and elaſtic 25 air 885 
1 25 ſhould be thus united to 8 and 10 the union be de 


P! re of the. 
_ greateſt 


— 


Air. 


10. A. promotes the combuſtion of inflammable U ; 
and che a air thus Employed 1 is altered by the operation!” 
Thus when charogal 0 or other inflammable' fubſtance is 


burnt, the air in Which this combuſtion haf ppened, 7 
becomes polſelſed of Properties” vey differeſſt "from 


? 


1 of common een een SAY p ive 


Air this alterdil hy burning ſubſtances becomes voy 


in bil than it bes betete the alterition, * as Mr. B = 


has obſer oed. Thus, When lighted, cares or" VE 
kindled ſubſtances are put t under a receiver, them 


of which 1 is Inverted and imme rſed in a Leblel a 


with water, they burn a he while, longer or Thofter? 


according as the quiririty ok air is e or lz 


tively to ; the quantity of fubſtance actüally in combuſ” 


tion at. fine. When they have cedſed to burn, the 
* * 4 BR wenn ems * ater 


greateſt part of its elaſticity; ; this ee eig con ſentane os 


with the general analbgy of chemical ſoldtions ofiicombinarions; 


For in all chemical ſolutions, the integrant parts of one * 


84 Thu 


divided and ſeparated * thoſe of the other component 


/ the Part ticles of air are rated fr on each other by the particles 0 
water. Bat elalkicity 15 dann E force) cannot be confiderel 46 ths 


% 


of their contained ir or other Gas, did nevertheleſs expand 


The elaſlicity b 1 of air ir abſorbed by wa Jade 


property of any fingle' Pale. bor N. implies ry o Particles, at 


leaſt, endeavouring' 'to''recede from each other. ＋ pariicles 
tberefore of air being copfiderably djsjoined, from each other, and 


engaged with thoſe of water, may have. their ban pete power ſ 
water, 


much weakened, that they yield to the combini 
15 800 Js: 45 e 
but only diminiſhed; > for by the aþPlidati n — bett, or by* 


ing the preſſure of the atmoſphere, the air gradually ET alles 


. panlive force, and diſengages itſelf from the water. Thus M. e 
ee obſerved, when he was' A thermometers with different li. 


tmuch 


quors,that theſe liquors whi had i been deprived by boilingof much 


ally, and riſe maby degrees in the terms of the SEAT , 0 


the pteſſure ol the atmaſ phere was temoved, aud tharthis 8 
took place long before any bubbles appeared See ebene ſap. 
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water within PR receiver may be ſeen to "I higher, 
than it was before the combuſtion, as ſoon as the in- 


- 
b Eds pu 


cluded air has loſt the heat which 1 it had received from 


the burning ſubſtance, The greater height of the water 
within the receiver after the combuſtion, than before 
It, ſhews that the included air preſſes with leſs force on 
the ſurface of the water than the external air does; 
and conſequently that it is reduced to a ſmaller por ; 
than it occupied before the combuſtion, ; 
; This diminution of the preſſure, or of the bulk of the 
quantity of air contained in the receiver, occaſioned. 
by the combuſtion of inflammable ſubſtances, may 
depend upon a diminution of the quantity of this elaſtic 
fluid by abſorption, or by precipitation of part of it, or. 
upon a diminution merely of its elaſticity, while the 


| quantity remains the ſame. Dr. Hales conſiders 1t. as 


a diminution of the elaſticity of the contained. air: 
but Dr. Prigftey is inclined to think, that it is a dimi- 
nution of the quantity of air, ſome part being precipi- 
| tated; and he ĩs induced to form this opinion, from his 
not having been able to find any conſiderable alteration 
in the ſpecific gravity of the air in which candles or 
brimſtone had burnt. From ſeveral trials purpoſely 5 
made he thinks that this diminiſhed air was not hea- 
x: vier, but rather lighter than air which had not been di- 
| miniſhed. Exp. and Obſ. on Air, I. 46 and 267. II. 94. 
Dr. Hales obſerved that the air continued to diminiſh © 
under the receiver ſeveral days after the extinction o 
the candles. This continued diminution may prob + 
| bly have been occaſioned by a gradual abſorption of 


ſome part of the air by the water in which the inverted - 


receiver was immerſed ;, for Dr. Prieftley remarks, that 
& this diminution of air by burning 1 is not always im- 


0 ety —— _ che air has paſſed N 


15 times 


. 


CE + dir. Yo 1. 


| 4 times through | vater; and chat when the experi- : 


= 1: 8-24 


6. * inflead, of water, the are en was generally in- 
© conſiderable till the air had paſſed through water.“ 
Exper. and Obſerv. on Air, vol. ee 

Air altered by burning ſubſtances occaſions a ; preci · 


1 pitation in lime: water. It appears therefore that by 
combuſtion ſome Gas is produced which is capable of 


uniting with the quicklimedifſolved i in the lime-water; 


and-is. probably the ſame which will be deſcribed in 
chap. gd. under the name of Calcareous Gas. Whether 
this Gas proceeds from the combuſtible body employ- 
ed, or from ſome precipitation of part of the air, or 
he a compound reſulting from the union of ſome part 
of the inflammable body with the air or any of its 
component parts, has not yet been aſcertained *. 
When this Gas has been abſorbed. by water or . 
x lime-water, the remaining part of the air is alſo noxi- 


ous and unfit for maintaining flame. „ 


\ 


Air diminiſhed by burning ſubſtances is no lage capable 
of maintaining fire. Dr. Deſaguliers obſerves that Air 


which had paſſed through burning coals into an ex- 


hauſted receiver immediately extinguiſhed 3 hy 
Air. bs not capa able of 1 Heri ing more than a limited dimi- 


mution by burning ſubſtances.” The diminution of the | 


bulk of a quantity of air included in a receiver in which 
2 candle was allowed to burn as long as it could, was 


| found by Dr. Hales to be equal to one twenty: ſiuth part 


* 


Mayow 


5 * This Gas cantot be produced FIR an Kits body mere- 
ly by heat without combuſtion ; for when the focus of a burning 3 


glaſs was thrown on a bit of charcoal ſuſpended in à receiver. filled 


1 with any other Gas than air, and inverted into a veſſel containing 
 lime-water, no precipitation was occaſioned in the lime-water, 


Exh. — 085 I. 136. 


of the whole quantity of included air, and by Dr. 


— 
* 


* : 


0. | | Air. 
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Mayow to TY one thirtieth, and by Dr. Prieftly to be 


one fifteenth or one fixteenth. This diminution i is 
obſerved to vary in different circumſtanees. Dr. Hales 
obſeryed that air ſ offered, a greater diminution j in equal 
receivers by large, than by ſmall candles and alſo 
with equal candles, i in ſmall, than! in large receivers. 
Probably the candles become. extinẽt as ſoon as all the 
air in contact with, or near their flame, has ſuffered 
its alteration ; for by orher modes. of combuſtion, the 

air has been made to ſuffer a much, greater diminution. 


Thus Mr. Cavendiſh found that air, was diminiſhed 


one tenth by paſſing through an iron tube filled with | 


8 red-hot powder of charcoal. "Exp. and 'Obf. vol. + 129. 


And Dr. Prieſiley bas diminiſhed' the air much more 
by throwing | the focus of a lens, or of a concave mir- 


ror, upon a bit of charcoal NET, in a receiver. 


5 14. p. 47> . YI 


:Þ 


have produced 3 equal to one fixth 855 7 
Y the included air by making the candle while i it burns. 


move quickly through the different parts of the invert- 


ed receiver, and thereby bringing the flame into con- 


tact with more of the air, than when the candle”; re 


mains in one ſituation till it becomes extinct. 1. 
12. Air promotes the calcingtion of Metals ; "and i it is, 


alſo diminiſhed by this. operation, which is conſidered 


gt N 


Ty Chemiſts as a rm of flow combuſtion." 170 


Wee 


; Beccaria * by b ding of 12 111 tin = 


to heat in veſſels hermetically ſcaled, that only a part 


of theſe, metals could be calcined, and. that, this, part 


was: proportionable to the capacity of the velſals em: 
| pn 5 + i de Þ dead. ae T. urin 1 Lk | | 


5 4 aer 
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After the air has ſuffered its utmoſt diminution, by 
calcining metals, it is no longer capable of pf ed E 
any further calcination. | 

The diminution of - Air by the calcination of metals 3 
peen found by, Dr. Prieſtley to. be equal to one fourth. 
of the whole quantity of air employed. Vol. J. p. 134. 
But M. Lavoifier eſtimates. this diminution. only. at | 
one- fifteenth or- one ſixteenth. _ 

Air diminiſhed by calcination differs oc the « air 
eee by burning ſubſtances in this reſpect, that 
it does not occaſion a Precipitation in lime-water, the reaſon. 
of. which difference is aſſigned, by Dr. Prieſtley to be, 
that the calx ſeizes the part of the air, which is pre- 
cipitated, in preference to the lime. Vol. J. p. 136. 

The. Water however over which metals have been 
calcined acquires a yellowiſh tinge, and an aer. 
pungent ſmell and taſte. Id. 13 . | 
13. Metals acquire weight by calcination, and the air 
which has aſſiſted in this procels, is thereby diminiſhed. 
Theſe facts ſeem to ſhe that ſomething i is, abſorbed, 
þ during calcination by metals from the air +. 

"This abſorption; of air, or of ſome part of air, is 
further rendered COOL From. the claſtic fluid that 

has 


2 + This very great an of air; was (effected. by throwing 55 
focus of a burning mirror or lens upon bits A Tag 85 tin ſul. 


1 85 pended i in a glaſs receiver. : 


+ The firſt perſon who aſcribed the acquiſni tion of weight by 
calcining metals to the abſorption of air was Jean Rey, who has 
_ written expreſsly on this ſubject, in a book entitled, Eſſais de Jas 8 
Rey Dofleur en Medicine, ſur la recherche de la cauſe pour laguelle PE : 

tain et le plomb augmente de poids, quand. on les caleinc. A Bazas 1640. 
This author attributes the enereaſe of weight to the adbefion of the 
denſer part of the air to the calxes, while the more ſ ubtile part of 
this fluid, which prevents the adheſion of the air to other lab : 
Kances, i is ſeparated MEL the a | 


12 EF: 2 


has been obfervec to ihe during the Nene or re= 


#1 


vival of merallic calxes, and from the loſs of weight 
ſuſtained by them during that operation. 5 

14. Air is diminiſhed by exhalations of liver of Jul. 
phur, and of various inflammable ſubſtances. OE 

Mr. Boyle relates that a quantity of air was totally 


abſorbed by eil of turpentine and ſpirit of wine mixed to- 


gether. [ Boyle's works, vol. V. 2p. 17 3.J Dr. Pri 7 


has alſo found that dil of turpentine poſſeſſes the 


power of diminiſhing air in ſo great a degree, that in 
one experiment one fourth only, and in another ex- 


periment only one ſixth of the original quantity of 
air remained. Vol. III. P. 92. Dr. Hales found that 


air was abſorbed by the pyrophorus of Homberg; ; and 
Dr. Prigſley obſerved that diminutions of air were 


occaſioned by liver of ſulphur; by a cement compoſed 
of lun pentine and bees wax; by white paint ; 7 by 
| red lead and oil, Vol. II. p. 182. 


Dr. Hales found that a mixture of ſulpbur and filing 25 


of iron formed into a paſte with water diminiſhed air; 
and the diminution has been eſtimated by Dr. Prieſtley 
to be equal to one fourth or one fifth of the air em- 


ployed. [Exp. and Obſerv. vol. J. p. 106. ] This dimi- 


| nution was equal, whether the experiment was made 


over mercury or over water. The diminiſhed air 


Voas found to be lighter than pure air; and it did 


not precipitate lime · water; the cauſe of which has 


been attributed to the acid of the ſulphur e, 


the lime, and thereby Freren its p06 de ee 


5 1 and Obſery. vol. I. p. 103. 


16. Air is diminiſhed by expoſure to FTI ſubs 


5 1 At firſt an elaſtic fluid is frequently generated, 


EN Drag the walk: of. the air is Aae ” , but i in 


** 
e c. *. 85 


a 33. 
eight or ten days, the air is reduced to about four 
- fifths or five ſixths of its original cee Il. 
vol. I. p. 78.] 

16. Air is Ar by reſpiration of 3 as Mr. 
Boyle firſt obſerved. Vol. IV. p. 122. The diminution 
was found by Dr. Hales to be about one thirteenth of 
0 the whole air employed. 

Air diminiſhed by reſpiration precipitates the lime ; 
1 contained in the lime-water, as Dr. Macbride obſerved, f 
17. Various other ſubſtances and mixtures have been : 
. obſerved to diminiſh air, ee heb, are the fol- 1 
7] Ys 885 n 1 
. The mixed with 8 F 3 PN „ | 
4 Lime mixed with Sal Ammoniac. Hales. 
Lime mixed with Acids. Halen. 
12 Marine acid extricated by pouring vitriolic acid 
on ſea · ſalt, or on ſal ammoniac. At firſt ſome fluid 
was generated, probably that which is treated of in 
Chap. VII. under the name of Marine acid gas. 
e. Volatile alkali mixed with iron. Hales. 3 
J. Volatile alkali mixed with copper. Hales. 
g. Iron filings mixed with water. Hales. . M. La- 
5 e found that the diminution of air by iron-filings 
and water amounted to one fourth part of the air in 
the ſpace of two months; and Dr. Prieſtley. obſerved, 
that the air thus diminiſhed. could not be further di- 
miniſhed by nitrous dn es aud OB. vel. II. | 
FI 
30 5. Dr. Hales obſcryed. —_ air was N in 
8 diſtillation of agua: fortis, and by the mixture of 
agua: fortis with copper ore, or with pyrites, or with coal. 
- And Dr. Prieſtley. has found, that even the pure o- 
s, in leah, of tha, 


n 


Iourleſs nitrous acid ak of 
n air. 


7 
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ne Polatile fal et during its ſublimbricn. Hales. | 
K. Sulphur ſubliming. ' Hales. 
TY Vinous Gas. Boyle III. 144- See Chop. 1 3. 35. 
m. Nitrous Gas. Halts. See Chap. . | 
n. Electric ſparks: The electric ſpark being made to 


, "pa through a quantity bf air ĩneluded in a glaſs tube, 


in which alſo was contained ſome water tinged blue 
with turnſole, diminiſhed the a air one fifth; and changed 
the blue colour of the liquid to a red. Exp. rand 


1 00 vol. I. p. 184. When the electric ſpark was 


taken in air over lime: water, the lime was precipitat- 
ed. Id. 186. And when the electric ſpark was taken 
in air and in x veffel containing ſome cauſlie vegeta- 
ble alkati, qe © ror os a ne 1 Roaier. 
Aug. 7. | 12-47 
0. bent vinegar. Exp. and Obi vel 1. 
p. 27. 9 A 
5 Mure, which has Wen weltecl Fntingrh its WY | 
ing, was obſerved by. Dr. fda: bed e n 
air. Vol: II. . A 
. Vitriolic acid Ga as' was dero by: Dr: Prnſig 


| to Dive common air. Vol. II. 209. See Ch. VI. 


9 "Bologiiiant Phoſphorus diminiſhes and phlogiſti- 
cates air in a remarkable degree. But the Fboſpborus 
ine produced this effect very-flowly-and in a 
ſmall degree, as has been obſerved by Signor e : 


Volla. Exp. aid Obſerv. vol. III. 38 1. 


5 Air i is diminiſhed by Diamonds expoſed to violent | 


4 heat. M. Lavoiſ 2 obſerved that 60 cubie inches of 


ait, in which four grains and a half of diamonds were 


expoſed during 16 minutes to the focus of Tſchirn- 


haufen's great lens; ſuffered a diminution of eight 


cubic inches. The air thus diminiſhed precipitated 


tbe lime contained in lime · water. Mem. de . 
| e des 


: Ln 


Ar. 8 3 ny 


"2 Sciences d a Paris, 1772. This experiment, togerher 
with the flame obſerved in diamonds expoſed to heat 
under a muffle, and the prefervation of diamonds in 
the fire by inveloping them in powdered charcoal, 
ſeem to decide 1 the queſtion, lately agitated | in France, 
in the affirmative, whether 1 the effect of fire on dia- | 
monds be a real combuſtion. See the Day of 
Chemiſtry, article Diamonds. 
4 Air which has been once ae to its 8 
| by; any one of theſe pr ceſſes cannot be further dimi- 
nt ed by a repetition c 5 that proceſs, c or by any of the 
other diminiſhing POSI: Exper. and Obſervet. 
vol. J. 132. e 
19. Air may %e totaly and almoſt inſtantancouſy 
abſorbed by charcoal heated red. hot, or which has 
been heated red- hot, and extinguiſhed without expo- 
fare 1 to air in quickfilver. The e quantity of air which 
n may be thus abſorbed or devoured 1 18 many times the 
bulk of the charcoal employed. The ſame effect i is 
i; produced by charcoal, thus prepared, upon the other 
| _ permanently, elaſtic fluids. This very aſtoniſhing. fact 
has been lately diſcovered by the Abb; Fontana, and 
"communicated to me by Dr. Price} ey. In order to 
repeat this experiment, let a A jar partly filled with 
quickſilver and partly with air, or other elaſtic fluid, 
be inverted” into a baſon of vickfilver, and let Pieces 
of charcoal, which | have been previouſly made red-hor 
4 and extinguiſhed \ in quickfilver, and which have not 
been expoſed to air, be flipped. under the; jar, in which | 


it will aſcend through the quieklilver till it comes | 


: into contact with the air included i in the jar, part or 
"all of which 4 air, according to its quantity. relatively | 
to the quantity of charcoal, will almoſt inflantane- 


£ 14445 x 


ouſly W The Abbe Fontana has made many 


experi- 


* 


— 


fail of being very Untereſting, 


16 | | my Av. 
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experiments in conſequence of this diſcovery, : a ele. 


20. Air is neceſſary to animal life, as is 1091 known 


from the fatal effects of encloſing animals: in exhauſted 


receivers, or in receivers filled with any other gas 


or vapour. Some inſets however are ſaid to live well | 


in vacuo. Muſchenb. Iitrod. ad Phil. Nat. F. 2167. 
The air that has once ſerved for the reſpiration of 


animals is unfit to be again reſpired, and is fatal to 
life, The quantity of! air employed for reſpiration by a 


man is computed "way Dr. Hales to be a 128 in every | 
minule. 8 5 | 


From the noxious quality of reſpired air, may we 


not explain the facts related by trayellers, that ani - 


mals are killed by the breath of whales, and eſpecially 


by the breath of an immenſe ſerpent that inhabits 
the banks of the river Amazon“; the air reſpired by 


* theſe very large creatures. being ſufficient totally to 
| 8 7 ſmaller animals, and to exclude the air during 


a ſmall portion of time, which, however, is ſufficient 


for this noxious air to produce i its fatal effect? If it 


be objected, that air, by having been reſpired only 
once, does not appear, from experiments hitherto 
made, to be ſo far vitiated, as to become capable of 
deſtroying life; may it not be anſwered, that the air, 


by being expoſed | to a much greater ſurface of lungs, 


. and perhaps during a longer time, in theſe very large 
" animals than in men, may probably ſuffer a much 


41 


greater degree of injury, and be more completely © 
phlogiſticated? Perhaps alſo the efffuvium arid ſmell 
of the breath of theſe large animals may be peculiarly | 
_offenfive to the 'orgatis of ſenſation of other animals, - 
5 | Ine) Which ; 
RE Eu * See Don v, Forge . + 


which they may affect in the ſame manner as the exha- 
lations, deſcribed in $. 22. do when reſpired. 

The more denſe the air is, the longer it is capable 
of ſuſtaining the- life of -animals, as appears from the 
experiments of Mr. Boyle. Nevertheleſs; ararefied air, 
provided it be frequently renewed, ſuſtains life very 
well. Condamine lived ſeveral weeks upon the Peru- 
vian mountains, where the air was fo rare that the 
mercury of the barometer was no higher than fifteen 
inches and nine lines“. An air alſo exceedingly denſe 
may be with ſafety reſpired. Divers ſometimes 

breathe under bells an air nine times denſer than the . 
air of the atmoſphere. „ | 

21. Not only the air diminiſhed by l i 
 2oxious to animals; but alſo the air in which inlamma- 
ble ſubſtances have burnt; the air in which bepar of ſul- 
bur, and fumes of inflammable ſubſtances have exhaled; 

the air in which ſubſtances have undergone the putre- 
faive' fermentation, and probably all other kinds of 
diminiſbed air, are noxious to animal life t, extinguiſh D 
fame t, and are incapable of diminiſhing uitrous gas, 
e 16 a er e er E Ws air. 3 
- 7b From 
* see Bouger® Frgage to Perm. EO . 
I Nevertheleſs, Mr. Boyle obſerved that animals lived DAVE; 2 
long in air in which candles had burnt, as in the ſame quantity of 
freſh air, and Dr. Prigſtle confirms the obſervation by his own ex- 
periments. Hence it appears that animals can bear a greater de- 
_ gree of depravity of air than is generally occaſioned by the jburn- 
ing of candles. But although flame be generally extinguiſhed 


when the air has ſuffered an inconfiderfible diminution, yet by throw- 
ing the focus of ſolar rays on a bit of charcoal, the air may, by means 


of combuſtion thus promoted, be diminiſhed as much as it can by 


any other method, that is, one fiſth of the whole quantity, as Dr. 
Pirigily bas —— cannot be doubted, that air thus dimi- 


niſbed as much as it can be by burning ſubſtances, is noxious 


aud fatal to animal life, IM 11. 


17 
41 
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From rhe many: inſtances of the! diminution of air 
by: combuſtion, calcination and other proceſſes, in 
which the phlogiſton contained in bodies is ſuppoſed 
to be ſeparated from them, or merely by expoſing air 
to phlogiſtic vapours, it appears that the alteration 


produced in the air is effected by the phlogiſton of 


theſe bodies combining with the air, or otherwiſe 
operating upon this fluid: and the air thus altered is 
accordivgly called pblagiſticated air. With this: phlo- 


giſticated air is generally mixed a ſmall Portion of a 


gas which precipitates the lime contained i in lime-warer, 
and therefore ſeems to be the ſame which will be de- 


ſoribed in chap. III. under the name of calcareous 
Ga. And although | in ſome inſtances, as in the cal- 


eination of metals, this gas does not appear, yet we 


cannqt chence infer that it is not produced, becauſe 
it may be abſorbed by-the'calcining nennt ls e 

8 ſubſtances employed. Gee d. Ur and i 
_ 1220 Almoſt all exbalations, re kante ; 

hen in conſiderable quantity, make the air unfit for 


reſpiration; | The vapour of pute water threw. a bird 
into great anxiety; the vapour'of vinegar had: the 


ſame effect; vapour of ſpirit of wine killed a bird; 


and the vapours of oil of turpentine, gil, of olives, and 
of Writ. of ſal menue. 17 0 allo bana ths Wenke 


vapour of newly plaſiered walls ah 52 Sranaries are 


known to be noxious. ' Laghius found that the ſmell 


of camphor and of muſk was fatal to animals. Coma. 


Bonon, tom. 5 We chall bereafter ſee that every 


ſpecies of Gas, air excepted, is noxious; and, they 
have been all obſerved to be more ſuddenly fatal than 


A vacuum is: hence, „it is evident, that their noxious 


a does not JEM. ern 9 wen e | 
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the acceſs: of air, or from their want of any principle, 
vhich may be ſuppoſed to render air neceſſary to life, 
but alſo from ſome. inſtant. and immediate effect on the 
organs of ſenſation. Animals may be rendered leſs ſen- 
fible of the diſagreeable impreſſion, and leſs liable to 
be. injured, by being gradually habituated to it, as 
Dr. Prieſtley" *. obſerved... Exper. 77d e 
vl. J. 7 2. 5 a 11 
oh dome attempts have been made to 0 - 
tiated air, and render it again fit for reſpiration, Dr. 
Hales ſays that he eleanſed air, which had been re- 
ſpired, by making it paſs through flannel imbibed 
with ſalt of tartar; and that he prolonged the com- 
buſtion of a. candle in a given quantity of air by the 
ſame operation. The flannel employed gained weight, 
probably by abſorbing the caleareous gas which. is 


produced by combuſtion or by reſpiration, as has been 


obſerved, F. 11 and 21. But as in air vitiated byſre- 


ſpiratiow or by burning ſubſtances, not only this: cal - 


careous gas is noxious, but alſo the reſiduum after 
this gas has been ſeparated by being. abſorbed in wa- 
ter, is found tn extinguiſh flame, and to he incapable 
of ſuſtaining life, che above method of Dr. Hales can- 
not be very effectual. Dr. Prieſtley: ſays, that by lang- 
continued apitation in water, he has reſtoted air vitiated 
by reſpiration, putrefaction, combuſtion, calcination. 
of metals, a mixture of filings: of iron with ſulphur, 
or by white paint. Was this melioration produced 
by the water ſeparating! the vitiated part of the air 
from the reſt by abſorption; or by the agitation 
effecting a kind of circulation: between the exter- 
nal air and the vitiated air included in the jars, by ; 
which means much of the former might be receiv- 
| 4 into RY get, por of the latter” 1 


20 N 
be abſorbed 57 che water and thrown out into the 


open air ? 


The Count de men W rn air ied: Fu 


combuſtion can be meliorated by cold and by compreſſion.” 


oo 


But Dr. Prięſtley, from experiments purpoſely made, 


ng 5 1 5 that pretenſion. Exp. and Ob ſ. vol. I. 48. 


Air is neceſſary to vegetation or the life of Plantr. 

In e plants do not grow, and ſeeds: buried. n too 
deep under ground do not vegetate. 

M. Cygna affirms that plants included in a n 


quantity of air diminiſh this fluid, and ſoon languiſn 
and die; z and that if other plants be afterwards introdu- 


ced into the ſame receiver, they preſently die without 


| occafioning a further diminution of the air. Neverthe- 


leſs, it appears from Dr: Priefley's experiments that 


plants can live long in confined air without ſenfibly 
diminiſhing or rendering the air unfit for maintain- 


ing flame or animal life. A ſprig of mint having been 


Put into a glaſs jar inverted into a veſſel of water, dur - 


ing ſome months, the a air was found not to be vitiared. 


Exp. and 0. vol." . 5 73 8 855 5 52 8 
Dr. Prieftley found: Ms Sick grew not ind in abe | 


fined air, but alſo in air vitiated by the flame of a 


candle, or by reſpiration: and even that the vitiated: - 


air was frequently reſtored, or at leaſt meliorated by the 


vegetation of the included plants. He put ſprigs: of 
mint growing in water into different veſſels filled with. 


air, in ſome of which candles had/burnt till they ſpon- 


taneouſly became extinct, and in others the contained 


air had been reſpired, and he found that after the 


plants had been growing a few days, the contained air 

was ſo much e that e burnt in it, and 

| animals 

+ Dr. ni has fra a pure 1 is conkiderably depraved 
by * in the 2 water. | Ns II. 96. | 


Air. 21 


animals could deſpite 1 it. (Vol. I. p. 51. From theſe 
experiments he infers, that vegetation is one of the means 
employed by nature to purify air amen with NO, | 
eee or combuſei . 705 
hut plants can tolerate ls a certain n of in- 
jury to the air in which they are placed; for Dr. 
Prieſtley relates, that when growing ſprigs of mint were 
put into air ſtrongly and recently tainted with putre- 
faction, they preſentiy died. Vol. I. p. 86. 

It is not however improbable that plants are capable 
of reſiſting a certain and even a conſiderable degree of 
putrid taint infecting the air; for ſeveral kinds of plants 
and alſo animals are known to inhabit thoſe places 
chiefly where a putrid effluvium prevails, which they 
| ſuſtain without injury, and even periiaps with res 

C . i | 7#:27-5S 


*, Dr. W hays avs his laſt inne on air, hog fo 
obliging as to acquaint me, that his late experiments confirm his 
opinion of the power of vegetation in purifying the atmoſpherical 
fluid, although be acknowledges, with his uſual candour, that he 
has alſo mer with many exceptions. He has not only meliorated 
phlogiſticated air, by means of growing plants, but he has alſo, by 

the ſame means, greatly encreaſed the purity of atmoſpherical air, ſo 
as to wake it approach to the ſtate of the pure factitious airs deſcribed 
in the following part of this chapter. Among the many diſcoveries 
with which the labours of this zealous and ſagacious philoſopher 
areina ſingula⸗ manner crowned, one of the moſt extraordinary 
is, that a green matter, : which adheres to the ſides of veſſels 
filled with water, does, in a few hours after it is put under an in- 
verted jar full of water, emit a conſiderable quantity of pure air, 
like thoſe airs obtained by factitious proceſſes deſcribed in the fol 


| lowing part of this chapter. He has alſo found that the air con- 


- rained in the bladders of ſeveral kinds of ſea-weeds, while the 
plants are freſh, is conſiderably better than atmoſpherical air. In 
the Hpilobium hirſutum, or the Willow plant, he has diſcovered * 


fingular property which it poſſeſſes, namely, that of abſorbing con- = 


| fiderable quantities of air, and of other PEO * fluids. 


3 


% 


—— — - * 


— — — — — 
——— — — ů ERGY ADSI ——U—y . mn 9o7 pon 
as i 2 nn » 
- . "7". > e 


4 » eg — 
- * 


— . — w 
PPP by 
* _—_— 


7 (8 


333 | : U wy 


to their-peculiar conſtitutions. Further; animals and 


vegetables, while living, ſeem to poſſeſs ſome peculiar 


property of reſiſting putrefaction. For animals are 
known to live many days without food, and without any 


appearance of putrefaction, which however begins to 
be place a few hours after death. Alſo, vegetables 


are endowed with a ſimilar power; for the water in 
which plants grow, though it contain much vegetable 
putreſecnt matter, dots never putrify, while the plants 
Ave and are in health ;; but no ſooner is the life or the 
health of the plant deſtroyed; than the putrefaction 
begins. This fact is popularly known to perſons who 


| Keep ſprigs of mint, hyacinths or other flowers, prom | 
ing. in glaſs veſſels filled with water, 


Hence the plants which grow in ſtagnant \ waters 15 


arobably retard the corruption of theſe waters. See 


Exp. and Obſerv. vol. 11. P. 185; where an inftance is 
given of the water of a reſervoir becoming putrid, 
when the reſervoir was cleanſed” from the vegetable 


matters which grew on its ſurface and its ſides, and 
did not recover its ſweetneſs 89-0 more : vegetable: wars 
5 ter, again appeared. 


Perbaps this important fact i in mil and gere. 
"ble « economy may be explained, by ſaying, that fer- 


menting ſubſtances do generally aſſimilate to their own 
nature, in a certain degree, many other ſubſtances, 
with which they happen to be mixed; and that the 
* fermentations which are continually proceeding i in the 
fluids of living animals and vegetables, overcome the 


putrid or other noxious ferments, if theſe be not too 


ſtrong, in the ſame manner as the vinous fermentation 
reſiſts putrefaction, accordipg to the experiments of 


Sir Jobn Pringle and Dr. Macbride. Hence the more | 
Rrongly theſe natural fermentations proceed, that is, 
; 0 


+» : 


the more powerful is the vis vite of animals and 
plants, the more eaſily. are noxious ferments « over» 
come, and infect ions reſiſted. | 
The purification or ae of the missed air 
included in receivers in which growing plants were 
placed, may be attributed not only to the abſorption 
of the noxious vapour by the plants themſelves, but in 
ſome meaſure alſo, to the abſorption of this effluvium 
by the water in which the receiver was inverted, and 
more conſiderably by the watery vapours or perſpira- 
tion exhaled from the plant itſelf, which are known 
to be very great relatively to the ſmall ſpace within 
the receiver. Theſe vapours may be conſidered as 
water with an exceedingly enlarged ſurface, and there- 
fore capable of producing i its utmoſt effect by abſorp- 
tion of the diffuſed noxious ſubſtance. The vitiated . 
Particles being thus abſorbed by the watery vapours 
floating in the receiver might have been preci ipitated 
when the vapours were condenſed by the evening 
colds; and by the conſtant ſucceſſion of evaporation 
and zonteniation, which muſt have taken place-in the 
receiver, the whole quantity of ſuch particles may have 
been abſorbed and precipitated; und the n. 
air thereby purified. 
While therefore we accede to the eee 3 
by Dr. Prieſtley from his very curious experiments, 
that © veGETAT1ON is one of the means employed by 
nature to purify air tainted. by reſpiration, putrefac- 
* tion, or by combuſtion ;” may we not aſcribe a con- 
ſiderable ſhare of this grand and important effect to 
xvApogRATtoNH, Whoſe operation is more extenſive, 
penetrates to greater heights, prevails on the middle of 
the ocean and in frozen regions where few vegetables 
appear; and may not plants be alſo conducive to this 


= . 


effect in a great meaſure by exhaling vapours abun- 


dantly, and be, in this reſpect, "conſidered: as inſtru⸗ 
ments of evaporatio nv 


The vitiated particles in the air 0 abſorbed by 


n vapours which exhale from tlie ſurface of 
the earth and of the ocean, are raiſed along with theſe 
into the higher regions of the atmoſphere, and thence 
again fall along with the condenſed vapours or rain 


upon the earth. Thus diffuſed and united with water, 


perhaps reſolved into their component parts, they are 
not hurtful to animals and vegetables, but enter pro- 


bably along with the water into their veſſels, combine 
with their fluids, and conſtitute part of their ſubſtance. 


From the animal and vegetable matters, theſe parti- 


cles may be again expelled by various fermentations, 
putrefaction, and combuſtion; and thus, like moſt other 
kinds of matter, may undergo a perpetual circulation. 

23. Several methods have been diſcovered by which 


: air, or, at leaſt, fluids poſſeſſing all the known proper- 
ties bf the atmoſpherieal fluid, may be produced i art. 
For this important diſcovery, which leads to a know- 


ledge of the conſtitution of the puny e e we are 
eben to Dr. Prieſtley. 5 


He found, that after We kad! Abforded by la 


continued agitation in water as much as he could of 
the ſeveral kinds of gas, ſock” as the inflammable _ 
gas, and that obtained by mixture of calcareous or 


-alkaline ſubſtances with acids, (called by him and 


other Authors Fred Air) that the reſiduums had the 
Properties of air, and he thence infers that common 
ee end bs FI and Od, vol. 1. p. 40. 


68. e ty 26. By 


- ©S This We W to me to be liable er ben. | 
1. In the apparatus deſcribed for procuring; theſe gaſes, there muſt 
always have been ſome ſmall portion of common air mixed with 


26. By expoſing red lead, or calcined mercury, to the 


focus of a burning glaſs, Dr. Prieſtley expelled from 


theſe ſubſtances a permanently elaſtic fluid, which 


not only poſſeſſed all the known properties of atmo- 
5 ſpherical air, but in which all theſe properties appear- 


wok in'a more eminent d can than' in the eee ben 
IEG ap ds bios | 2 | 10 Th fluid 


the gas. [See Plate, fe. I.] 2. By a a long-continued agitation of 

the gas in water expoſed to the atmoſphere, there would probably 
be ſome partieles of external air continually abſorbed. by the water, 
and afterwards ſeparated from the water into the veſſel containing 
the gas. In order to obviate theſe objettions, I procured ſome gas 


from chalk and oil of vitriol, by means of an apparatus previouſly | 


filled with boiled water, ſo that no air could be mixed with the gas 


obtained; [ee Plate, Ag. 2. and explanation J and I let the gas re- 
main expoſed to a conſiderable ſurface of clean boiled water till nine 


tenths were abſorbed. by the water, without agitation. 1 paſſed this 
reſiduum four times through lime-water, till it occaſioned do 
more precipitation of the lime, by which operation, it was further 
reduced to a'third, that is, to a Zoth of its original quantity. This 
laſt reſiduum I found to be air ſo pute, that a candle burned in it, 
and that it diminiſhed as much nitrous gas as common air does. 


LY This production of air from caleareous and alkaline ſubſtances, 


is a very remarkable phenomenon, and deſerves further inveſtiga- 
tion. I found that the reſiduum of gas obtained from pot aſh, and 


: treated in the ſame manner as I had done that from chalk, had the 


fame properties. The reſiduum of a gas obtained by diſtilling 
cream of tartar was chiefly inflammable, but ſeemed to contain 
ſome portion alſo of air, for a ſmall diminution was obſerved 2 


mixing it with nitrous gas. 


But air cannot be thus produted from every one of thoſe gaſes, 


which, from the property they- poſſeſs of precipitating the lime 


contained in lime: water, have been conſidered as of the ſame kind 


with the gas obtained from calcareous and alkaline ſubſtances, and 


have been comprehended under the general name of fixed Air. At 
leaſt, I found that a gas obtained by diſtilling green vitriol, which 
extinguiſhed flame;and precipitated the lime contained in lime. Water, 


till it could no longer oceaſion any precipitation in lime · water, left 
à reſiduum which extinguiſhed flame, and did not in any degree | 

_ - diminiſh nitrous gas, and was therefore ſimilar in its properties 1 to 
the > Ald called gblogiflicated Air, = 


26 Arr. 
fluid igll. For this {aftitious air did not _ main | 
tain the flame of kindled- inflammable ſubſtances, but 
when a lighted, candle or other ignited, combuſtible 
ſubſtance was put into a veſſel containing this air, the 
flame was remarkably brighter, the combuſtion more 
605 rapidly excited, and a deflagration appeared ſimilar 
to that produced by thoſe mixtures of nitre and in- 
flammable matters which are uſed in fireworks: Alſo, 
when animals were put into this factitious air, their 
3 reſpiration was much longer continued; that is, they 
30 could live much longer in a given quantity of it; than in 
 atmoſpherical air. The diminution of nitrous gas (which 
is ſhewn to be a property of air, and to be an exact teſt 
of the purity of air, in chap. V.) was much greater; ani 
the exploſion of ee gas much louder, by 
means of the factitious air; than when equal quantities 
of atmoſpherical ait were mixed with theſe fluids. And 
the difference between the factitious and the atmo- 
ſpherical air appeared ro be ſo great, that Dr. Prieftley. 
computes, that the former is capable of Producing 8 
five or fix times the effect of the latter fluid, in alt 
theſe inſtances. He therefore conſiders this factitious 
fluid as a true and pure air, and thinks that the pu- 
rity of the atmoſpherical air has been injured by the 
vapours with which it is always more or leſs mixed - 
"He chiefly attributes the contamination of atmoſphe- 


i 


ized wich the air, an the greater See the-fac- . 
titious fluid to the abſence of ſuch phlogiſtic vapours- 
. accordingly, he diſtinguiſhes this factitious fluid and 
others of the ſame nature, which will be preſently 
deſcribed, by the name of dephlogiſticated, „ 
27. The production of pure factitious air from red 
lead is much facilitated by addition of $1 e oy 
- vitriolie acid. - Sr of 8 2 85 | 


| Aire | 27 
I put 48 pennyweights of red lead into a long- 
vecked retort, the contents of which were ten cubic 
inches; (ſee Plate, fig. 1. E.) and upon this red lead 
I poured twenty-four pennyweights of oil of vitriol. 
The red lead had been previouſly moiſtened/ with a 
little water, that the acid might more uniformly dif- 
fuſe itſelf through the red lead. The noſe of the 
retort was then immerſed under water, and over it aft 
inverted jar filled with water was placed. The mix- 
ture of red lead and vitriolic acid became very hot, 
and ten cubic inches of air were ſoon thrown into the 
Jar, without the application of external heat. Upon 
applying the flame of a lamp to the bottom of che 
retort, more air paſſed copiouſly into the jars. The 
quantity of air expelled from the above mixture of 
vitriolic acid and red lead, was found to be 36 cubic 
inches, after the proper allowances for the air contain- 
ed in the retort had been made. If. we ſuppoſe this 
air to be of the ſame denfity as atmoſpherical air, we 
hall find that the weight of the air obtained is about 
one hundredth part of che . of the red lead 
employed 1 ; 
: 55 A 
1 * In the Ard Rios of this Treatiſe, I aid that a e quan- 
tity of pure air might be obtained by adding vitriolie acid to red 
lead, than from an equal quantity of red lead alone, merely by vio- 
lent heat. But Dr. Prieftley has ſinee been ſo obliging as to ac - 
_ quaint me, that he can produce as much air without addition of 
vitriolic-acid as with it: which ſhews that the acid does not con- 
tribute to the formation of the air, as it ſeems to do in the inſtances 
of turbith mineral and other vitriolic ſalts, mentioned hereafter in 
8.31. Nevertheleſs, the two proceſſes of obtaining air from ned 
lead with or without vitriolie acid; are very. different, and are fimi- 
lar to the expulſion of calcareous gas, from calcareous ſubſtances by 
heat or by acids. For the expulſion of air from red lead is 10 
much facilitated by addition of vitriolic acid, that much of the air 
We before any other ben is * than what ariſes from th 
: mixcute 
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26. A pure factitious air, poſſeſſed of all the known 


properties of atmoſpherical air, in a more eminent 
degree than the atmoſpherical fluid itfelf poſſeſſes 


theſe properties, and ſimilar in all its effects to the 
factitious air above deſeribed, (F. 26.) may be copi- 
; ouſly obtained by means of heat from nitrous acid 
mixed with almoſt any unphlogiſticated earthy ſub⸗ 


nee n 3 17 _ ha, clay, Ofen, : 


_ 


mixture + theſe two 4 * the 3 may | by eafily | or 
completed by the heat whieh glaſs veſſels can ſuſtain, The air 


thus produced (as in every other inſtance of the prodyſftion of pure 


air) is always mixed with a very ſmall portion of calcarebus gas, and 


which may be ſeparated by making the air paſs through lime-water, 


or, more effectually, through water in which ſome pieces of quick- 
lime are put ; for as ſoon as the gas uniting with the lime diflolved 
in the water, precipitates this portion of lime, the water becomes 

| capable of diſſolving a freſh portion of the lime; and thus the 


* 


water 18 always kept ſaturated with the lime, notwithſtanding the 


precipitation produced in it. If pure ſactitious air ſnould be here - 
after applied to medicinal purpoſes, this method of obtaining it 


ſeems preferable to thoſe hereafter mentioned by means of the 


nitrous acid ; in which methods, not only a larger portion of cal- 


careous gas is generally mixed with the pure air, but alſo conſidet- 
able quantities of another noxious gas, namely, that which is de- 


ſeribed in chap. V. under the name of nitrous, are often produced, 
and which injure the purity of the factitious air. This method 
of obtaining pure air ſeems alſo to be preferable to thoſe in which 


the air is expelled from red lead and other ſubſtances merely by 


heat, becauſe theſe, ſubſtances muſt be put into a gun- barrel, or 


other metallic veſſel ; and it is known that metals expoſed to heat 
| Phlogiſticate air, and ſometimes emit a noxious inflammable gas. 
Aud when we conſider that this pure factitious air, by whatever 
means it is obtained, is capable of producing five or fix times the 
effect of atmoſpherical air in every inſtance in which air is known to 
ce exert its peculiar properties, it cannot be doubted, that the breath- 
jg of this air, during ſome longer or ſhorter time, muſt produce 
_ _ ſenſible effects in the animal economy. The inveſtigation of theſe 
| * ſeems to be worthy of the KERR of ated 1 


4 


—— 


mapne/ia alba, wood aſbes, flints, and Muſcovy talc, as 


Dr. Prieſtley has very happily diſcovered. Vol. II. p. 69, 
Kc. He moiſtened any of the above-mentioned earthy 
ſubſtances, with ſpirit of nitre, and put the ſubſtance 
thus moiſtened into a gun- barrel, or into a phial, in- 
to the neck of which was ground a bent glaſs tube. 
See Plate, Hg. 1. C D B. He immerſed the noſe of 
the gun- barrel or of the glaſs tube into water, and 


placed over it an inverted jar filled with water. Upon 
applying heat to the part of the gun- barrel which 


contained the mixture, or to the bottom of the phial, 


an elaſtic fluid was expelled from the mixture and 
it paſſed into the inverted jar. By changing the jar 


frequently, he was able to examine the fluid expelled 
at different periods of the proceſs. Thus he obtained 
from mixtures of each of the above-mentioned earthy 


ſubſtances with nitrous acid, conſiderable quantities 


of air, ſome part of which he found to be very pure, 
and'other parts to be-mixed wich calcareous and with 
nitrous gas, deſcribed in chap. III. and J. In the 
further proſecution of his experiments he obtained 
this pure air, not only by moiſtening minium and 
flowers of zinc with nitrous acid, but alſo by treating 


all other metallic earths in the ſame manner; and * 
obſerved, that while theſe metallie and earthy mat- 


ters contained any phlogiſton, the gas obtained was 


chiefly nitrous, but that by continuing or repeating 
the proceſs with more ſpirit of nitre, after the Phlo- g 
giſtic matter had been expelled, pure air was copi- 


_ ouſly produced, The metals themſelves, treated with 


| nitrous acid, yielded, during cheir ſolution, nitrous. 
gas, and afterwards pure air. When chalk, magne- + 
fa alba, wood aſhes, or any of thoſe ſubſtances are 


uſed, which ccntain calcarcous gas, this gas mult be 
| . previ- 


previouſly expelled by the acid. And when any earth 
has been dephlogiſticated and deprived of its gas, it „ 
may. be uſed repeatedly, as long as it laſts, for the 2: 
roduction of ' this air. wy” ms it Nee a | 
again with nitrous ac ic 

The denſity of this pure air was found by Dr. Pricfiley 

5 be to that a pee ait, _ ane to ane | 

AIP 94. 


ll | "29; Pure air ey be tes FER mire dor by 
| expoſing it to violent heat in a enge Exper: 


| as ba Hol. J. 135. 25 
30. A conſiderable quantity of pure air is © ER 
nn che proceſs for diſtilling acid of nitre from a mixture 
of nitre and vitriolie acid, or from a mixture of nitre 
and calcined martial vitriol. Theſe operations muſt | 
be performed in glaſs veſſels,” for if iron veſſels are | 
uſed, as'is done by the diſtillers of aqua-fortis, nitrous 
| gas is chiefly produced. From an ounce of pure pitre 
| mixed with half an ounce of pure concentrated yitri- 
olic acid, expoſed to heat in glaſs veſſels, I obtained, 
befides the uſual quantity of nitrous acid, wine 
dunce meaſures of pure air, after making proper al- 
Jowances for the air previouſly contained in the ap- 
|  _ Paraqus. It did not appear that this air was 18 750 
; with either nitrous ar calcareous pas 7! 31200 
From one ounce of nitre mixed with one. ounce: of ; 
=" as martial vitriol;1 obtained 2 r ounce meaſures 
5 e air, beſides the uſuaf quantity of nitrous acid. 
But in the proceſs for obtaining by diſtillation ni- 
teous acid, with arfenic, according to Stabl's method, 
mie whole quantity of the elaſſie fluid produced: was 
1 nitrous gas. From one ounce of nitre mixed with 13 
penny weights of arſenic, Tobtained, . rg 
LS: we ar dune meaſures of nitrous Sag. | 
„„ 31. Pyro 
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35. Pure fastieious ebene not ondy. from: 
the nitrous acid mixed withy/earthy and metallic ſub- 
ſtances, but alſo from dompounds containing the 
vitriolic acid. Dr. Prigſtliy obtained air from alum 
expoſed to heat in 2 gun barrel. (See Vol; I. p. 153. 
And Signor Landriani has lately diſcovered that pure 
factitious air may be obtained by applying. heat to 
turbith mineral; as Dr. Prieſtliy has acquainted me. 
This experiment Dr. Prigſiei bas not only verified, 
but he has alſo found chat pure air may be obtained 
from othet oombinations of vitriolic acid with me- 
tallic nn „ a6 from vitridls of "eu: pe _ 
ine. |; 
PE Several, e We contain pure air, as 
Dr. Prieftley has lately . diſcovered, Among theſe. 
ſubſtances are Lapis calaminaris, Munganeſe, and 
Molfram. The relation of theſe diſcoxeries cannot. 
fail of making, an intereſting part in his ig 
volume of experiments and obſervations. That a ſmall 
quantity. of air, may be obtained 1 5 N Kei 

be $81 ee in FdeL . te 8 N 
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; = Of calcareaus Gas. ry 


21 IR OM various ſubſtances hereafter | mention- 
= LA permanently elaſtic fluid may be ob- 
Saus, whoſe diſtinguiſhing property is, that it is ca- 
pable of uniting with the cauſtic calcareous earth or 
quicklime diffolved in water, and of preeipitating 
this earth from the water. Accordingly when a ſuf- 
ficient. quantity of it comes in contact with lime- 


water, the water is rendered of an opake white colou 8 


Wan the ſmall. patchy of earth which produce this 
turbid. 


"a6. "Ota 
turbid appearance, gradually fink. to the "DENY of 
the veſſel, leaving the water clear, and free from 
the earth which had been diſſolved in it; while the 
earth thus ſeparated from the water which had dif-- 
ſolved 4 it, is found to have recovered its ſolid form, i 
and remains united and combined with the gas. 
. Whatever gas therefore is obſerved to have this pro- 
perty of combining with the calcareous earth diſſolved 
in water, may be diſtinguiſhed from other elaſtic fluids 
by the name of calrareaus Gas. Dr. Hales and his 
ſucceſſors have denominated this fluid, fixed Air; the 
impropriety of which term appears from conſidering. 
firſt, that this fluid i is fixed only when it is combined 
with the calcarecus earth or other ſubſtance; and that 
it is the reverſe of being fixed, that is to ſay, os 
5 permanently elaſtic, whenever! it 1s diſengaged ; and ſe- | 
condly, that ĩt does not poſſeſs the diſtinguiſhing, pro- 
perties of the fluid to which the word air has been 
 Immemorially aſſigned. Mr. Bergman of Upſal has 
given to this fluid the appellation of Aerial acid, 
which ſeems to imply that it is the acid con- 
ſſtituent part of air, which doctrine has not been 
proved. It is called the Mepbitic acid, by Mr. 
Bewley ; and the Mephytic gas by Mr. Macquer, who 
at the ſame time acknowledges that, this name is nor 
ſufficiently characteriſtic. Neither of theſeappellations 
diſtinguiſh it from other gaſes, all which (excepting air! 
are mephytic or noxious to breathing animals, and ſe- 
veral of which are equally or better entitled to the 
epithet acid, as vitriolic-acid gas, marine acid gas, &c. 
34. Calcareous gas may be obtained from a great | 
variety. of ſubſtances and by different proceſſes. 
It may be extricated by beat, or by acids from al! 
thoſe. ee that are called Calcareaus, that is, all 
. 1 5 thoſe 5 


£ 
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Calcareous Cas: "at 
thoſe which by , calcination may be converted into 
quicklime; ſuch as chalk, marble, lime: ſtone, and ma- 
ine ſhells; likewiſe from fixed and volatile alkalies; and 
from mag neſia albu. Thus, if any of theſe ſubſtances 
be expoſed to violent heat in a diſtilling apparatus of 

earthen or iron veſſels, the gas that is extricated may 
be collected; or if acids be added to any of them, an 

efferveſcence immediately ariſes, which efferveſcence 
proceeds from a number of ſmall bubbles of this. gas 
that are expelled from theſe ſubſtances during their 
ſolution by the acids. If this efferveſcence be made 
in the apparatus repreſented in Fig. 1. C or E, the 

gas will paſs into and be collected in the jars B or F. 

The quantity of gas obtained from the above fub- 
ſtances was found to be as follow: 

108 grains of crabs eyes diſſolved in one Avis ad- 

a half of diſtilled vinegar produced in vacuo 81 cu- 

bic inches of gas. Boerbaave. „5 

One dram of chalk diſſolved in two ounces wad as. - 

Killed vinegar prodiactd. 151 inches of 845. in vacuo. 
| Boerhaave. | 

Iwo drams of crabs eyes with one ounce of He 

produced 12 cubic inches of gas. Eller, Berlin Mem. 

To drams of crabs eyes with one ounce of ſpirit. 

of ſalt produced 75 cubic inches of gas. Eller. 

Two drains of red coral with one ounce of ſpirit of 
falt produced 52 cabic inches of gas. Eller. 

Magnefia contains half its, wright of ga, Black, 
neee Eſays. | : 

Marble contains 3k. parts of its weight, of gas. Ca 2 

vai Phil. Tranſ. 1 55 | 


| Lime une contains , of its ewe I gas, and 2 = 
. of water. ee Exomen Detrize . : T0 


rener 


4 | Cite cons Gas. 
Cremer calcis contains 2 of i its weight of en. Fare 


quin, ibid-+ 


Chalk dried with the ho of boiling mercury « con- 


rains, 443 == of its wn of bar. . ue Phy: 
tom. 8 ; 


One dram of ſatt of tartar with half. an ounce of 


. ſpirit of nitre yielded 48 cubic inches of gas. Eller. 


Cmſtals of ſalt of tartar ar yielded = of rw weight 5 


| of gas. Cavendiſh. 


Cryſtals of PTL yielded 5 E he of their gh of gas 


Lavoifier. 
| 3 | Pilatite 
1 The cremor h, 6r cream of hae, is the cruft formed on the 
ge of lime - water e poſed to the atmoſphere, which cruſt falls 
to the bottom of the veſſel, and a new cruſt is daily formed, tilt 
the whole of the quicklime diſſolved in the water is precipitated. 


This eruſt is formed by the _ particles of calcareous gas which 
foat in the atmoſpbere, uniting with the particles of quicklime 
at the ſurface of the lime · water. The, earrh thus combined with 
gas is reſtored to the ſame ſtate in which it was before calcination, 
- hat-is, of mild calcareous earth, which not being ſo ſoluble in 


water as quicklime is, cryſtallizes on the ſurface of the water; 
and this cryſtallized calcareous. earth, or, cream of lime, being 


_ heavier than the water, falls to the bottom; while new particles 


of the quicklime diſſolved in the water, come into contact with 


the particles of gas floating in the atmoſphere ; and the proceſs is 
repeated, till no more lime remains uncombined with gas in the 


water. But if the lime-water be expoſed to evaporation, not 
only this mild calcareous cruſt will be formed in the manner above- - 


| ) mentioned, but alfo fome of the quicklime, being deprived, by 


evaporation, of the water neceſſary to keep it diſſolved, will b 
precipitated, and will mix with the cream of lime. Accordingly, 


M. Bucguet obſerved, that the powder precipitated. from lime- 
water poſſeſſed the properties of quicklime. For when he diſtilled 


_ . a mixture of this powder and ſal ammoniac, he obtained cayfic- 


volatile alkali; whereas, if the powder had conſiſted entirely of the 
Proper cream' of lime, ſuch as Mr. Facquiz had ſubjected to expe - 
riment, according to the above text, he would have N 4 


mild volatile alkali, | 5 


Mi 


5 


: Polatile ſal ammoniac yielded — 50 its * of 
| ws Cavendiſb. 
© Volatile ſal ammoniac rielded © = of its weight of 


gas. Lavoifeer. 


35+ This gas eſcapes abundantly "a the j juices of 
fruits, infuſion of grains, and of other vegetable mat- 
ters, while they undergo the vinous fermentation. 


35 


The quantity of gas expelled from fermenting ſub- 
. Nances was firſt attempted to be aſcertained by Dr. 
Hales. From 42 cubic inches of beer, 639 cubic 
inches of gas eſcaped. in ſeven days; and from 26 cu- 
bic inches of bruiſed apples, 968 cubic inches of gas 
were produced in 13 days. (Hales's Analyſis.) Mr. 


_ Cavendiſh found, that _ — parts of dry ſugar were con- 


verted into gas by the vinous fermentation;. and that . 
the quantity produced, from the fermenting } Juice of 


apples was equal to EL — parts of the dried juice. 


Dr. Prieſtley tried how much gas could be extracted 
from different kinds o wines. From one ounce and 
a half of each of the undermentioned wines, he ob- 
tained the following anzid of gas. 


Madeira = ov _ of an ounce meaſure; 


Port, fix years EEE 7 ditto. 

: Hock, five. years old. 1 „ ditto: : 
Barrelled claret ee 8 | ditto. 
Tokay, 16 years old. = = 5 A. | 

Champagne, two years ad, 2 WE uk 

Bottled Cyder, 12 years old, 37 ditto. 


| Experiments and Obſervations, II. 227. 
Much elaſtie fluid eſcapes from liquors anda: 


: the acetous us fermentation, But whether this gas has 
| ; the 


D 2 


-—'  Caltareous: Gar - 
the properties of calcareous gas, cannot be ſaid with 5 
certainty, as they have not been hitherto examined. 


36. Calcareous gas is expelled from animal and ve- 
gebtablè ſubſtances undergoing the n fermen- 
zation. (See Chapter XI.) ö 5 
37. This gas may be extracted Ha animal and | 
vegetable matters by means of heat. (See Chap. . 
438. This gas is found in mines, and other ſubter- 
raneous places, (ſee Chap. XIII.) and in many 
waters, eſpecially thoſe called mineral. (See Chap. 
XIV.) | 
39. This- gas may be A" fot ſeveral wing! Ko 
Jubſtances by heat. Thus, M. Krenget obtained, by 
diſtilling a greeniſh fufible ſpar, that was luminous in 
the dark, a gas which united with and cryſtallized 
a ſolution of fixed alkali, which effects are produced 


by calcareous gas, as will be ſhewn: Alſo, Mr. 


Woulfe expelled the ſame gas by adding vitriolic acid 
to /patboſe white ore of iron, to Somerſetſhire manganeſe, 
and to Somerſetſhire de ore. 1 on a 
Tranſact. vol. LXVI.) | 
40. Dr. Prieſtley has obtained this * From ſeverat rs 
ſeline ſubſtances by means of heat, as from green, 
blue and white vitriols, calcined alum, vitriolated tartar, 
borax, and white Ns (Exper. _ Obſery. I. 3 11 5 
&c. 3 
5 This a | is odited | in the di of we 
| calxes by addition of inflammable matter, or by the 


_ elefiric ſpark. (Exper. and Obferv. vol. II. 1 92.) 


From 144 gtains of minium reduced by means of 

twelve grains of charcoal previouſly well burnt in a 
cloſe veſſel, M. Lavoiſfer obtained, by expoſing the 

| = 27 to the focus of a lens, fourteen cubic inches. 


7. Pbyſ.s J. 255 N 
ce wb 25 + . This 


Calcareous Gas: 37 | 


42. This gas is produced during the combaſtion of 


every inflammable ſubſtance, excepting fulphur and | 


wer als. Seer 
43. This gas is produced by making electric ſparks 


paſs through air. For if this experiment be made in 


a glaſs tube, the mouth of which is inverted and im- 

merſed in lime-water, this liquor will be thereby 

rendered turbid. Wipers 5 te * J. 186. See 
alſo F. 17. n. 

44. Small portions of chix gas arc produced in the 

ſe veral Proveſſe * obraining "naar: ee air, See; $-2 26, 

2% 24. | 


ble matter. From one pennyweight of nitre and a 


pennyweight of powdered charcoal, mixed well with 


two- ounces of clean ſand, to prevent the too haſty 


deflagration, and expoſed to heat in the retort, (Fig. 1. 


E. ) T obtained 16 ounce meaſures of calcareous gas. 
46. The /pecific gravity. of this gas was found by 
| the Hon, Mr. Ca vendiſb, to be to that of water as 1 to 
511; or to that of air when this is 800 times lighter 
than water, as 157 to 100. According to Mr. La- 


voifier, the. ee gravity of this, yas is to aa of | 


air as 561 to 455. 


7. The properties 6. diane earths and of tales ” 
are very much altered by combination with this gas. 


For when /imeſtone-or other calcareous earths are, by 
caleination or otherwiſe, deprived of the gas uſually 
combined with them in their natural ſtate, they are 
thereby converted into quicklime. Alſo when alkalies 
| fixed or volatile are deprived of their gas, by any means, 


they are thereby rendered more cauſtic, incapable of 


8 Th, arreſting with acids and of cryſtallization, and 
En on „„ 


45. This gas is produced abundantly from nitre 
Aeeflagrated with any animal or vegetable inflamma- 


as | be Gas. 


more powerfully ſolvent, as Dr. Black has proved- his 
accurate and adequate experiments. Edinb. Eſſays. + 


The ſame excellent chemiſt has alſo ſhewn, that by _ 


recombining this gas with quicklime, magneſia, or 
alkalies, which had been previouſly deprived of it, 


their former weight and properties might be reſtored, . 
From the greater acrimony communicated.to'quick- 


lime and ta alkalies, by depriving them of their con- 
tained gas, he has diſtinguiſhed them when thus de. 


__ or uncombined with gas, by the epithet cauſtic, 


as cauſtic. calcareous earth, or rauſtie fixed alkali, ot 


a cauſtic volatile alkali ; and when theſe earths or 5 


lies are combined with gas, he calls them dM. 
Dr. Black contrived an apparatus, by which the yok 
extricated from an efferveſeing mixture could he con- 
veyed into a cauſtic alkaline liquor, and ſhewed tha 


by this method, the cauſtic alkali could be rendered 
mild, and could recover its efferveſciug and cryſtallias 
ing properties. His apparatus conſiſted of two phiala 
comtmunirating by means of a bent tube, one end of 
which is inſerted into the mouth of one phial, and 


the other end into the mouth of the other phial. ln 


one of che phials he put ſome cauſtie ſpirit of ſal am · 
moniae, and into the other phial he put ſome mild 
alkali or mild calcareous earth. Upon this mild alkali 


or earth he pouted through a hole, purpoſely made in 


tte fide of the phial, ſome acid liquor, which imme- 
Alately produced an efferveſcence as uſual, that is, it 
extticated from che alkali or earth their oontained gas. 5 

The gas being chus diſengaged paſſed through the 
bent rube into the phial containing the ſpirit of ſal 


ammonlac, with which it combined, aud which ir 


. changed from a cauſtic to a mild ſtate. For the ſpirit 
Fs ns this om Oe 5 of efferveſing with 


"Wenn, 


a rg W 


8 Gas. 39 
ROY and if it be much concentrated, it.will be ſeen 
to cryſtallize during its impregnation with gas. 
Dr. Macbride employed a fimilar apparatus to im- 
pregnate lime - water with gas, by which means he 
changed the cauſtic earth or quicklime which was 
-diffolved in the water to a mild calcareous earth, 
which not being ſoluble in water as quicklime is, was 
therefore precipitated, See Mactride a ſbe ue 
Power of Quicklime. . 
48. Dr. Black has further determined by a 
ments the relative powers of the ſeveral alkaline fub- 
ſtances to unite with this elaſtic fluid, or the affinities 
of this fluid towards theſe ſubſtances, He found that 
this gas was more diſpoſed to unite with copſtic caleg- 
= __ . eons vartb or quicklime than with any other ſubſtance 1 
| pextwith e altall;, then wich magnefiay and Ja ty 
with volatile alkal, 
. Conſequently mild volatile alkali may be deptived. 
1 85 at its gas, or rendered cauſtic, by applying to it mags 
neſin pteviouſly deprived of its gas, or cauſtic fixed 
alkali, or quieklime; and at the ſame time the mag- 
neſia, , fixed alkali, of quicklime, are thereby rendered = 
mild, Magneſia alſo may be deprived of its gas by 
means of cauſtic fixed alkali, or af quicklime: z and 
laſtiy, mild fixed alkali may be rendered cauſtic by 
means of quicklime, which is at the ſame time rendered = 
mild. Hence. ſoap-boilers, in order to increaſe the 
activity or diſſolving power of 1 alkali, bojl, IF * 
-er quicklimm. 
Aa Keeording then to this 40 rig the cauſticity and 
: aher peculiar properties of quicklime and cauſtic altalier, 
are the original properties of theſe ſubſtances, while they 
are pure and ancumbined; and are not communicated 
n * PRs abſorption of matter from 
OR TD 
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the fire in calcination, as Aye" and other chemils 
| maintain ?. . F 


49. This gas is capable of adhering us! or bonds | 
108 with, metallic precipitates. Thus when a mild al- 
Kali or calcareous earth is added to a ſolution of a 
metal in an acid, the alkali or earth unites: with the 
; acid, the metal is precipitated, and the gas of the alkali 
or earth, which would have occafioned an efferveſcence 
if the acid had not been united with a metal, does not 
in this caſe produce any efferveſcence, but unites with, 
| and increafes the weight of, the metallic precipitate. 
Dr. Black, who firſt obſerved the union of this fluid 
with metallic predipirates, attributes the fulminating 
property of aurum fulminans to the gas which adheres to 
the gold precipitated by a mild alkali. The adhefion 
of gas to metallic aebi is av groan by dr. 
Lavoiſer. _ be 


a AS IS 


This theory, ſc Fas been . ee has "thrown, 
muck light on many chemical phenomena“ But although it 18 
woll ſupported by che deciſire experiments telaled by - Dr. Black, 
CEdinburgh Eſau,) it has nevertheleſs met wich much oppoßition 
8 from ſome German and French chemiſts, who adopt the theory of 
M er, concerning the principle which he iel Acidum Hier, 
0 ch an alk is given in the Dictionary of Chemiſtry.” See 
Actbun pixeuz. On the other ſide; Dr. Black's doctrine his 
been ably ſupported; and confirmed by M. Jacguix, in a treatiſe 
called Examen chemicum Dofiri ine: Meyeriane ; 4 Heido _pingui. et 
Blackianæ de aere Haro. And chis treatiſe has been attacked. by 
M. Crantz, in bis ger. Heli, aue ce Dottrine Me cel 
c 982 ie 
As not te = 3 but al a ace sd, HIRED 
authors Were contradictory, M. Lavoiſer, of the Academy of 
Sciences at Paris, undertook a ſeries of Ex erimenrs, with, a view 
* of aſcertaining the ſeyeral, queſtions in 5 ute; an account of 
which be has publiſhed under the title wy Opuſcules phyſeques & 
bymiques, vol. I. Theſe experiments, which ſeem to have been 
made with accuracy and ability, can leave no doubt of the ITT 
of Dr. Blact's e and deduftions. 5 


Calcareous Gas. „ 
The precipitation of ſome merallic ſolutions ſeems 
wheres to be effected by what chemiſts call a double 
affinity; that! is, the gas of the alkali unites with the ; 
Precipitated metal, while the acid unites with the al- 
kali. Accordingly, the precipitation of ſome of theſe 
metals requires that the precipitating alkali be mild,. 
that is united with gas. Thus, filver diſſolved in 
nitrous acid cannot be precipitated by a cauſtic vo- 
latile alkali, although it may et, orig by : a mild | 
| volatile alkali, 85 

This gas not only affiſts the precipitation of metals 
from their acid menſtruums, when it is combined 
with alkalies, but even ſometimes effects this 
| Precipitation, without the aid of an alkali. At 
leaſt, there is one inſtance of ſuch precipitation, : 


when this gas is added to a ' ſolution of ſugar 


of lead, as Mr. Hey of Leeds has obſerved. See 
| Appendix to-Dr. Prieſtley” 7 Je volume of: Ohe valle 
| and Experiments. 15 
50. This gas is capable of being abſorbed by water, 
ae the water thus impregnated precipitates the lime | 
from lime. Water, as Dr. Marbride has ſnewn. 
The quantity of; gas which water at the temperature 
. | of 55* of Fabrenbeit's s ſcale can abſorb, was found by 
Mr. Cavendi iſh to be more than equal to the bulk of 
the liquid, and to be greateſt when the water was cold. 
and compreſſed by an heavy atmoſphere. VA 
The water thus impregnated acquires a ſubacid taſte, 
like thar of the mineral waters called acidulous; and it 
alſo acquires a greater denſity ; the ſpecific gravity of 
diſtilled water impregnated with gas being to that of 
diſtilled water not impregnated, as 1000322 to i000, 
according to an experiment made Ip M. Lavoifit fer, 
; * & Chym. tom. T "Py ge 33 e 
1 Gas 
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the fire in co — as ws tel and other ' chemilts 
maintain ?. 5 1 


49. This gas is capable of eng ws or hoitin- 
thy with, metallic precipitates.” Thus when a mild al- 
Kali or calcareous earth is added to a ſolution of 4 


metal in an acid, the alkali or earth unites: with the 
| acid, the metal is precipitated, and the gas of the alkali 
or earth, which would have occafioned an efferveſcence 


if the acid had not been united with a metal, does not 
in this caſe produce any efferveſcence, but unites with, 
and increafes the weight of, the metallic precipitate. 


Dr. Black, who firſt obſerved the union of this fluid 
With metallic precipitates, attributes the fulminating 


property of aurum fulminaus to the gas which adheres to 


the gold precipitated by a mild alkali. The adheſion 
of gas to metallic ws is e 'by: M. 


. tt 1 = 5 NI The 


This theory, which 7 bat ably invitigattd, hav! thrown 
muck light on many chemical phenomena,” But although it > 


well ſupported by the decifive experiments relaled by Dr. Black, 


(Edinburgh Eſſa ays,) it has nevertheleſs met with much. oppoſition 


from ſome German and French chemiſts, who adopt the theory of 
M. Mey, pers concerning” the principle which he bed 

of which an accbuhit is given in the Dictionary of Chemiſtry.” 9s 
Acivun [PINGUE; | On the other ſide, Pr. Black's doctrine has, 


Acidum ping we, 


been ably ſupported. and confirmed by M. Jacſfuin, in a treatiſe 
ed Examen chemicum Doctrine Meyeriane ; de Acido | pingus. N 


"Blackiane de aere ro. And this treatiſe has been attacked. by 


VI. Crants, in Ip Rar ee Examinis cke Doctrine Ahe. 
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As not only the reaſonings 3 alſo. wu able related W 
authors were contradictory, M. Lavojſer, of the Academy of 
Sciences; at Paris, undertook a ſeries of Experizevrs, with a view 


of aſcertaining the ſeyeral. queſtions in diſpute; an account of 


which he has publiſhed under the title of Opuſcules phiſiques & 
obymiques, vol. I. Theſe experiments, Which ſeem to have been 
made with accuracy and ability, can leave no doubt of the pe 
of Dr. Black's es Cp and deduftions, | 


Calcaredl „ - 
The precipitation of ſome metallic ſolutions ſeems 
Ferefofe to be effected by what chemiſts call a double 
/ affinity ; that! is, the gas of the alkali unites with the ; 
precipitated metal, while the acid unites with the al- 
Kali. Accordiiigly, the precipitation of ſome of theſe 
metals requires that the precipitating alkali be mild, 
that is united with gas. Thus, filver diſſolved in 
nitrous acid cannot be precipitated by a cauſtic vo- 
latile alkali, although it may very perfectly by a mild 
volatile akalt 
This gas not only alfiſts the precipitation of metals | 
from their acid menſtruums, when it is combined 
with alkalies, but even ſometimes effects this 
b Precipitation, without the aid of an * alkali. * 0H 
leaſt, there is one inſtance of ſuch precipitation, | 


when this gas is added to a ' ſolution of ſugar . 


of lead, as Mr. Hey of Leeds has obſerved. | See 
| Appendix 4 Dr. Prieſtley's 5 mt ee of Obſervations 
mu Experiments. it 
50. This gas is capable of being abſorbed by water, 
1755 the water thus impregnated precipitates the lime 
a from lime. water, as Dr. Mathride has ſhe w. 
The quantity of gas which water at the temperature 
of 55* of Fabrenbeit s ſcale can abſorb, was found by 
Mr. "Cavendi iſh to be more than equal to the bulk of 
. the liquid; and to be greateſt when the Wer » was old, 
| Loa compreſſed by an heavy atmoſphere. OE 
The water thus impregnated acquires a Ah taſte, 
like that of the mineral waters called acidutous; and it 


alſo acquires a greater denſity ; the ſpecific gravity f 


-diſtilled water impregnated with gas being to that of 
diſtilled water not impregnated, as 1000322t01000000, 
according to an experiment made by M. e fen, 
=—_— Pho & chym. tom. I. p. 218. i 

e Gas | 
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42 Caleareous Ga 46. 

Gas abſorbed by water may be thence expelled, by 
removing the preſſure of the atmoſphere from its ſur- 
face by means of an air-pump; or by boiling the 
water, or by freezing the water. The greateſt part of 
the gas eſcapes merely by expoſure to the open air, | 


eſpecially i in warm weather. 


St. This gas js alſo capable of being abſorbed by 
other nquors, as by expreſſed oils and by ſpirit of wine, 
which laſt liquor is found to be capable of abſorbing - 
ar times its bulk of gas, when expoſed to 46* of hear, 
according to Fabrenbeit's ſeale. Ar. C end 155 55 
Th 7766 5 

52. This gas extinguiſhes fame; and even a mixture 
BP, nine. parts of air, with one part of this gas does 
pot admit a candle to burn, as Mr. Cavendihh has ob- 


Fred,, Phil. Trax. 1766. 


33. This gas when e is fatal Jo e pr. 


Friefiley however remarks, . that. inſets and animals (= 


which breathe very little are ſtifled, in this fluid, but 


drt not ſoon killed; that butterflies and other 8 
= generally become torpid and ſeemingly dead after be- 
ing held a few minutes over a fermenting liquor; but 


xevive on being brought into freſh air. Exper. and 


Obſer v. val. N p. 36. Fiſhes were killed by being put 
into water impregnated. with. this gas, 14. vol. Th. 


9.12, This gas is allo fatal to vegetable life. Dr, 


'  Priefiley obſerved that ſprigs of mint growing i in. water 


were frequently killed in a day, or leſs, by being 
Placed over a fermenting liquor. Vol. I. p. 36. 


84. This gas re, putre faction. as Dr. Macbride Is 


| proved. from experiments. He ſhews, that by apply- 
Ing this gas to purrefying ſubſtances, their putrefac- 


ion is impeded; and he even pretends that they are 


| ep eby reſlored from 4 9 to à ſopnd state, 


WY,” oo.” . He 


| Calcareous Gas 43 


He ſupports the opinion of Dr. Hales, that gas is the 
cementing principle of the particles of the ſolids and 
fluids in which it is contained, and that therefore when 

this is expelled, by fermentation, putrefaction, or 
otherwiſe, the coheſion of theſe particles muſt be 
diſſolved; and when it is reſtored, they may thereby | 
recover their original conſtitution. But why is this 
gas conſidered as the cement or connective inſtrument 

more than any of the other principles which enter 
into the compoſition of theſe bodies? For by depriv- 
ing a body of any of its conſtituent parts, the coheſion 


of the whole muſt be diflolved, whether the principle 


thus taken away be gas, or earth, or acid, or alkali. 
38. This gas when united with water is capable of 
afling upon and di ſſolving calcareous earth, magnefia, iron, 
and perhaps ſome other metals. Mr. Cavend ſh firſt 
obſerved its property of difolving calcareous carths, 
and that although it at firſt precipitates the carth from 
lime: water, yet it afterwards re- diſſol ves this earth. 
He has alſo ſhewn that the calcareous earth contained 
in Rathbone-place waters is kept diſſolved by no other 
menſtruum than this gas. The ſame fluid is pro- 
bably the ſolvent of the calcareous earth contained 
in all thoſe waters which depoſite thei Pe ſedi» 
ment upon expoſure to air, 0 
Mr. Lane diſcovered that diflilled + water impreg⸗ 
pated: with the gas of fermenting or .efferveſcing ſub. 
ſtances was capable of diffolving iron, and that the 


water thus impregnated with the gas and iren had a 


vinous ſmell and taſte, like thoſe of ſome chalybeats 
waters, in many of which he thinks the iron is diflolv- 
ed merely by means of gas. Hence a mild and plea- 
_ fant chalybeate water may be made, by putting filings 

we mon” in water impregnated with the gas n 
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ſtom fermenting and eſſerveſcing ſubſtances. Not 


only iron in its metallie ſtate, but alſo ſome of the 


culciſorm ores of i iron may be diſſolved in water — 


mated with gas, as Mr. Royelle 8 oy. ONT 


7 Lavvifeer, Opuſcules, J. P. 156. | 


This gas occaſions a precipitation in a folution * 


eker of lead, as Mr. Hey of Leeds obſerves. (Appendix 


ta Dr. Prieſtley” s firft volume. This Nein up - 


be rediffolved by adding nitrous acill. 
56. Thegas obtained froth ealcareous and Skating - 


ſubſtances, ſeems to ſuffer a decompoſition when ex- 


Pofed to water. For, Mr. Cavendiſb obſerved, that 


ſome parts of it were much more eaſily abſorbed than 
the teſt; and that che reſiduum, which was about 


one fiftieth. or one thirtieth part of the whole quan- 
tity, could not be more readily abſorbed by water 
than air can. And Dr. ' Priefiley found that the 
Tefiduum which could not be abſorbed” by water had 
ſome of the properties of air, namely, that it effer- 


veſeed with nitrous gas, which is a teſt of air, as ſhall 


be hereafter ſhewn) and that it was not noxious to a 
mouſe, although it was not ſo pure that a candle 


; could; burn in it. See 9. 25, and a note ſubjoined. ' e 


37. Several cireumſfances concerning this gas . 


to an opinion that 1 it is of an acid nature, or that an 


acid enters into and predominates in ts compoſition. 


Like other acids, it unites with alkcalies, diminiſhes 
their cauſticity, and effects their cryſtallization. It 


diffolves calcareous earth and metallic ſubſtances, as 


a iron and zinc. It has alſo been obſerved by Dr... 


Bergman, to alter the blue colour of the juice of tour- 
neſol to red. And Ne 7 it communicates an acidu- 
lous taſte to water F. 7:10.75 a7 legen 
1 NM. Adargaer: is bee helieve that ſeveral of the ſingular 


of - 


x * 


«+ *  Calcareons Gas. | 46: 
. Calcareons gas has been diſcovered to poſſeſs con- 
fiderable medicinal powers. Concerning its effects in the 


| feurvy, and other putrid diſeaſes, the phibi/is pulmoualis, 


_ ulcers, cancers, and the ſtone in the bladder, ſee ſeve- 


ral valuable papers in the appendix to Dr. Prie/t/zy's 


Experiments and Obſervations ; the writings of Dr. Mar- 


bride,” Dr. Percival, and other late medical authors. 
57. Among the many extraordinary diſcoveries 
that have been lately made concerning the permanent- 
| 17 elaſtic fluids, is that of Mr. .{chard of Bale, who 
is ſaid to have made true cryſtals, as hard and of the. 
ſame - ſhape as the native rock-cryſtals, by applying 


calcareous gas in a certain manner, and by a. very 


ſlow operation, to ſome earthy matter, 


„ > 7 


"© pf AP. Iv: 


58, \OME caſes are found to be capable of be 
9 ing inflamed. Theſe are procured from very | 
different matters, and by very different methods. 

59. An inflammable gas is frequently found in 
mines, eſpecially. coal mines, which ſometimes. takes 
frre, and explodes with great danger to the miners. 
See Chap. XIII. 


60. ts Bea obtained an n inflammable gas © hy; d. 


ſtilling : 


0 1 are ted by the Cn gas,. ſome portion of which, 
greater or ſmaller, is always mixed with. the atmoſphere. Suck © 
are, the blackneſs which black dyes. acquire by 'expoſure to air, 
the change of the green colour of a vat of indigo to a blue, the 
redneſs given to the liquor of the mureæ, the violet colour reſtored 


to the tincture of orſtille, the weakening of many colours, bleach- 
7 ing, and other effects of expoſing coloured bodies to the atmo- 


ſphere. He thinks that light alſo may contribute to produce theſe 


fingular effects. But he obſerves, that this ſubject is lirtle under- 


ſtood, and he propoſes to inveſtigate, it by further experiinents. 
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Milling war, Pitch, eyſter bells, peaſe, amoer, and ab, 
See Chop. AI. Probably it might be obtained by ap- 
plying heat ſuddenly to any dry inflommable matter with 
out excepting even the inflammable or calcined metals. 
Dr. Prieſtley procured inflammable gaſes from clean 


;, filings of iron, zinc, braſs, and tin, by expoſing theſe ſe- 


parately to the focus of a burning lens in vacuo; and 
likewiſe from iron filings and chalk, Vol. II. p. 107, 
cc. But he could not procure any inflammable gas 
from biſmath, regulus of antimony, nickel, lead, or cop 
per; nor from metallic calxes. - 
61. An inflammable gas may be 3 by dif 
| ſolving iron, zihc or tin in the An N or marine 
acids. 
* Acoatding to ien . by Mr, Covemdils ” 
one ounce of zinc diſſolving in either of the above 
acids produced a quantity of inllammable gas equal 
in bulk to 356 ounces of water; one ounce of iron 
diſſolving in ſpirit of vitriol produced a quantity of 
gas equal in bulk to 412 ounces of water; and an 
ounce of tin produced as much gas as occupied the 
ſpace of 202 ounces of water. Dr. Prieſtley has pro- 
duced an inflammable gas by diffolving zinc and iron 
in radical vinegar; and by diffolving copper, lead, 


and regulus of antimony in ſpirit of ſalt. Vol. III. 


9. 255, 256, The water over which this gas is 
contained becomes covered with a thin film, which is 
red, like ochre, if the gas has been procured from 
iron, and is white, if from zinc. Vol. I. 58. 
62. Marine acid gas, (deſcribed. in chap. VII.) or, 
: the vapour of concentrated marine acid, may be chax- 
geld into an inflammable gas by acting upon inflammable 
| ſubſtances, as ſpirit of cvine, oil of olives, oil of turpen- 
| tine, PIO 6 e and alſo upon diy 
. cork, 


On inflonmadte Gaſes. 1 i 
cork, bak, ivory, beef, and even flint. (Exp. and Olſer- 
vol. I. 149 and 232.) 055 marine acid gas being 
expoſed to quicklime till 8 55 Were abſorbed, the remain- 
der was obſerved to be inflammable. 14. vol. I. 
P. 236. 

63. An 3 gas Wall 7 Eb eta 
animal or vegetable matters. The waters of ſome rivers 
into which much fermentable matter is waſhed, as of 
the Thames and the Aluta, after having been confncd 
during a certain time in caſks, emit an N gas- 
The ſurfaces of rivers are ſometimes covered "ih. 
| inflammable gas or vapour. Exp. and Obſerv. vol. L. 
Appendix. Inflammable vapours riſe frequently from 
churchyards, houſes of office, or from whatever places 
in which putreſcent animal matters are collected. 


Of che quantity of this gas which may be obtain- 


ed from given * of W matter, toe 
Chap. XI. 
64 An iaflammable gas "lies Hom Bow of fe | 
pbur, upon adding an acid, as Meyer and Rowelle have 
obſerved. (Laveth, ber, Opuſe. Phy. tom. I. 161.) The gas 
which is diſcharged from mixtures of ſulphur wi 
filings of iron, or zinc, is alſo found to be inflam- 
mable. See Exp. and Objerv. wal. III. p. 259. 
65. Cygna obſerves, that air ſalgrated with dla 
al kali is inllammable: and Dr. / Prigtiq found, that. 
alla ine gas was alſo inflammable. | 

66. Dr. Prieſtley obſerved, that the nabe gt ta- 
ken in oil, ether, ſpirit of wine, or ſpirit of fal amma 
niac, produced an inflammable gas. an. and Gb. 
9 vol. J. 242. 243. 

67. M. de Laſone has obtained A nbi ery 
_ -diffolving zinc and iron in alta ies. He diſcovered thar 
Ke ad volatile alkali is capable of e filings of 


re, . 
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Zinc, and that, during the ſolution (Which requires | 
very little heat) an inflammable gas, capable of ful · 
minating, when mixed with air, is expelled from the 
mixture, and may be collected W means 8.0. a Oper, | 

apparatus. 

He has alſo obtained a ſimilar gas from the lu 
tion of filings of zinc by cauſtic fixed mineral alkali, 
which-was applied to the zinc in a liquid ſtate, and 5 
Vas aſſiſted by a boiling heat. 

. Filings of iron, although leſs ſoluble than thoſe of 
zinc, by theſe alkalies, did nevertheleſs yield a gas no 
leſs inflammable and detonating than tlie preceding. 
M. de Laſſone could not diffolve either of theſe metals 
by means of a mild fixed alkali: He obſerved how- 
ever, during the boiling of this alkali in a liquid 
ſtate with filings of theſe metals, that an elaſtic fluid 
was produced, which Was found he rh to be com- 
mon air. | 
Ihe ſolution of zinc, Fi of its c flowers ; by wild vo- 
latile alkali, produced ammonical filky ſalts, from 

which M. de Laſſane obtained, by means of heat, a 
gas which was not inflammable, 8 poſſeſſed the, 
properties of calcareous gas. - 

68. As ether has the ſingular property of mixing 
with any permanently elaſtic fluid, and expanding | 
along with it; if therefore air be ſaturated with ether, 


* * 


an inflammable gas vill be thereby formed. The 
eſſential oil or ſpiritus rectot of ſraxinella ſeems to 
have a ſimilar property of forming an inflammable 
3 compound, by mixing with air. Fo or when this plant 
is in flower, the vapour which exhales from it oy. 
be kindled by a lighted candle. | 1 
69. Dr. Prieſtley has ſhewn, that an ante 

| gas, which burns with a blue fame, may be obtained 

from 
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from the nitrous acid, acting upon ſpirit of wine or 
other inflammable ſubſtances, and that this gas is pro- 


duced (together with the nitrous gas deſcribed in 


Chap. V.) during the action of that acid upon me- 


tali, eſpecially upon zinc and tin. He obſerved this 


| inflammable gas alſo in the diſtillation of a ſolution - 


of zinc in nitrous acid, in the period between the pro- 
duction of phlogiſticated, and that of the pure factiti- 
ous air deſcribed in $. 28. Experiments one ay 
tions, vol. III. p. 24. ; 
70. An, inflammable vapour or gas 1 . produced 


by repeatedly. diſtilling the ſame. nitrous acid from 
| decken.. Pott an the ſolution of quicklime by nitrous acid. | 


71. The inflammability | of this was obſerved to 


be greateft, when the diftillation © of inflammable . 


* 


fammable gas, did 0 fire eaſily, and the in 


matter wWas baftit performed, and with a beat fud- 


deny raiſed; or when the ſolution of metals in acids 


proceeded with the greateſt vebemence, as "when heat 


Was applied, and acids of a proper ſtrength were em- | 


ployed; and when the putrefaction of animal and 
table 75 rs were Baſtihy e excited. Exp. and Obl. 1. 8. 

72. I Ny gravity of inflammable x gas vas 
e by Cavendiſh 0 to be eleven times leſs than 
that of common air, When this is 800 times DINED 
tan. water. 

7 3. Tbe mixture of air is er to "the den- 
mation of this gas, as of other inflammable ſubſtan - 

Mr. Cavendiſh has made experiments to diſcover 

The effects of firing different Proportions, of air, and 
the inflammable gas d deſcribed i in ny. 613 ;. and he found 


; the following. reſults : 3 


A mixture of nine parts « of x air with one part of in- 5 


Wende 8 anied with ieee e 


* 


o W Gaſet. 


Two parts of inflammable gas, and eight parts of 
air, were eaſily fired, and the found 32 was 
moderately loud. 
| ,\ Three parts of Bü b gas, and ſeven peu of - 

air, gave a very loud found. 
* Four parts of inflammable gas, and ſix parts of 
| air, gave a ſound very little louder TOO. _—_ former 

SHRINE: HY 
| Equal parts of gas and air, founded like the laſt 
mixture. | 

In the firſt experiment, when nine parts of air were 
| mixed with one part of gas, the flame ſpread gradu- 

ally through the bottle containing the mixture. In 
the three next experiments, no light could be per- | 

ceived, perhaps, becauſe the flame laſted too ſhort a 

| time to make a ſufficient impreſſion on the eye. When 
| equal parts of the two fluids were e oo 
was ſcen. 

A mixture of fix parts of told gas, and wir 
parts of ai air, produced a ſound which was not loud, and 
5 affer the exploſion i it continued to burn a ſhort time. 
'A mixture of ſeven parts of inflammable gas with 

three parts of air, gave a gentle bounce, and conti 
5 nued to burn ſome ſeconds. | 
& mixture of eight parts of inflammable gas with 
two parts of air, caught fire without noiſe, and eonti- 
nued to burn only in the neck of the bottle. 
From theſe experiments Mr. Cævendiſb infers, that 
| unleſs the mixture contain more air than inflammable 
gas, the air is not ſufficient to conſume the whole of 
the gas, and that the remainder burns by means of 
ir ruſhing into the bottle after che exploſion f. 
J. The 
. The W eben penyiüg the inflammation of inflant- 
abt gas are well en in the 8 experiment, related 
by 


* „ 


On inflammable Gaſes; | 51 


54: The nitrous acid in this, as in other inſtances, 


: IG to ſupply the place of air in affiſting the inſlam- 


by Mr: Warliire. - A to. Dr. rift ge and Os 


mation of this gas, as appears from ſome curious ex- 


boats of Dr. Priofily. | Buperiments and Odjeruc- | 
ions, vol. III. p. 260. 


Hie filled jars with nitrous acid, and inveſt the 


f jars ſo that their mouths were immerſed in the ſame 
acid; he then diſplaced this acid, by throwing in- 
N en een into che inverted Jars. | The VO which 
: oY * * KT Fo» bad 


* * 
# "AS" i Be. 88 . 


* 


vol. III. p. 367. 
I have ſeveral times Pete. an expoiimpht wit Mammal 


: 6 th, that appears to me very curious, I fit a glaſs tube into a 
To wb tapering cork, and that to a round - bottomed phial, in ſuck 4 
d manner that a bend in the tube, when hung over the fide of. 4 
„ tub; be almoſt two Inches under the water, but that the end 
e may riſe four inches higher than the bend. The phial being 5 


; & charged with the proper materials for producing inflammnable ait 


. 


© briſkly, it muſt | be lighted, as it diſcharges from the end of the 
tube, and will continue a flame as long as any inflimmable air 
riſes, provided cate is tiketi to prevent any moiſture aſcending 


2 2 


10 


1. along with the itiflammable air. The phial and its tube being 


placed ori the edge of the tub, à receiver; ſuch as for an air-' 


1 & Pump, is to be brought over the burning air, and its edge 


1 ſunk 1 in the water upon the bend of the tube. The inflamma- 


44 ble air continues to burn as long is there is common air in the 


11 receiver capable of ſopporting the flame: The appearances in 
1 this-experiment ate very remarkable: About as much inſlam- 
4 wabie air vaniſhes/as is equal to the bulk of the common air; 


* 


1 the burning is atrended with much heat and light; the common 


TE air is contratted fall one fifth part of its original dimenſions; im- 
* mediately after ili flame 18 extinguiſhed; there appears chrough 
de almoſt the whole of the receiver, a fine powdety ſubſtance like 


— 
- 


A4 whitiſh cloud: and the air in the glaſs is left perfectly noxious. 


* The, bent tube ſhould be flipped from under the receiver, the 


. inſtant the flame gocs out, to prevent the inflammable air mix 
1 bog With i iſe other a air in the i recei eceiyer, | 


* 8 0. lee Ga. 
bad thus paſt through nitrous acid, was found to be 
more or leſs inffammable, (without mixture of air) 
and capable of producing an exploſion, more or leſs 
ond, in proportion to the ſtrength of the acid. He 
| obſerved, that this gas remained inflammable a ſhort 
tim only after it had paſt through the acid; probably 
becauſe the acid vapour was gradually depoſited ; and 
-alſo that the gas loſt its property of inflammabi- 
ty without mixtare of air, by making it paſs through 
water, in which caſe, the acid vapour is probably ſe- 
parated from the gas, by means of the water. Experi- 
ments and | Obſervations en Air, voi. L 7.60. ne 
| 90 1. p. 65. + 
3. The inflanumable- gaſes, which dave been den- : 
: 8 obſerved, explode during their inflammation, 
yet many others burn very well without exploſion, 
Such are the inflammable gaſes extricated from a 
mixture of ealx of zinc and eharebal, and from Pruſ- 
Han blue, by expoſing theſe ſubRances to heat in a 
| -gun-barrel, as M. de Laffone has obſerved. The de- 
tonation of inflammable gaſes may be prevented, as 
M. de Lafſme affirms, by mixing them with nitrous 
gas: and Dr. Prigſtiey obſerves, that if inflammable 
gas be mixed with nitrous gas, the mixture burns with 
: $ green, flame; Exp. and Obſerv. J. 117. 
-75.*-Inflammablegas may be kindled by the eledric 
| «ſpark; even when the electricity is not very ſtrong, as 
_ "Sipnor Alexander Volta has obſerved. Exp. nd Objerv. 
Vol. III. Appendix. M. Chauffier alſo ſhews, that in- 
- flammable. gas may be kindled by electrie ſparks. 
For this purpoſe he filled a bladder with this gas, and 
made it paſs from thience into the open air through a 
tube, at the extremity of which was à hollow copper 
"ball 888 With one or more WS kN which 
5 5 the 


"© inflammaBle oY 53: 
the gas iſfyed, By directing the ſpark to one or more 
of the holes, the gas, which mixed with air as ſoon 
as it iſſued, was immediately kindled, and continued 
to burn as long as the inſlammable gas was preſſed 
out of the bladder. When the ball had only one 
hole, there was à ſtream of flame, like that of an 

enameller's lamp, by means of which M. Cbaulſier 5 
melted metals, and reviyed metallie calxgs. without 
addition, the phlogiſion of the gas ſerving for the 
purpoſe of reduction; and he pretends, that, metals 
may be meleq with lefs heat, and in leſs time, by 

means of this flame, than of common fire, When a 
tapering hollow tube was ſybſtituted to the ball, fo, 
that the gas was made to iſſue through a ſmall D in 

te point of this tube, no inflammation could be made 
do take place by applying electric ſparks, although 

the point was thereby rendered luminous, Rozier” 5 
Journal, October ii 

Signor Velta thinks that the 1852 fatui, which he 


ſuppaſes rg be inflammable gas that has ariſen from 


marſhy grounds, and alſo that the falling} fars may have 
been kindled by means of electricity, 

75. Meſſrs. Macqyer and De Mentigny have ob- 
ſerved, that pure inflammable gas obtained from zine 
and iron diſſolving i in vitriolic acid, being applied to 
| ſolutions of filver, mercury, lead, and other met als, 
| communicated immediately to theſe ſolutions, the 
brown or black colour, which indicates the union of 
phlogiſton with metallic _— and an | approximation 

to reduction. | 

Theſe chemiſts have not aſcertained what change 
js produced upon the inflammable gas by this ſpecies 
of decompoſition, but they mean to inveſtigate this 

matter by further experiments. Diction. de chi 


Gas inflnmeble. : "TE "a nk MF, 
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76. Mr. Cavendi ſb did not find that this gas way | 
abjerbed by the water, over the ſurface of which it ſtood : 
and it certainly may remain thus long without any 
confiderable diminution, But Dr. Priefttey ſays, that 
by agitation in boiled water, no leſs than three fourths 
of this gas may be abſorbed, and that the remainder 
was but weakly inflammable. Pol. I. p. 67. And the 
inflammable gas; thus diminiſhed | by agitation in wa- 
ter, was found to have ſo far acquired the properties 
of air, that when it was mixed with nitrous gas, 2 con- 
ſiderable diminution was obſerved. 14. vel. 1. 188. 
20 Inflaminable gas is yo! diminiſhed: by fumes of 
liner of ſulpbur, or by the cleric ſpark. Neither did 
the electric ſpark paſſing through this gas change the 
; colour of a ſolution of archil in water. Exper. and 
Ohſerv. vol. J. 247 The effects of expoſing this gas 
to oil of turpentine. were remarkable, Its bulk was 
thereby conſiderably enlarged; it was rendered leſs 
inflammable; and it was made capable of diminiſhing 
nitrous: gas qearly e as much 25 air I II. 152 THE. 
5. 366. | 
78. I dees gas is | noxious t Aale 15 but is 
| does not ſeem to be hurtful. ro ve table life; : for Dr, 
Prieftley found that plants grew pretty well ſeyeral 
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79. In. Hates obſerved, that when a mixture of 
y nitrous acid with a martial pyrites was di- 
Killed ; or when the nitrous acid was rower upon 
antimony, or mercury, or filings of ſteel, a gas was 
produced, which readily wnited with air, and produced 
beat by their union, while the mixture became red 
and turbid, and its quantity or Bult was found to be 
conſiderably % than the ſum of the quantities of the 
two fluids employed. Statical Eſſays, val. IJ. 224. 
and vol. II. 280, Notwithſtanding theſe ſingular ap- 


pearances, no further notice was taken of this gas, 


till Dr. Prieftley thought it a ſubject worthy of his 
Inveſtigation ; and how ſucceſsfully he has proſecuted 
his inquiry, the following part of this chapter will 


evinee. To this fluid he has given the name af nitrous 


Air. | 

1 80. Dr. Prieſtley has procured the fans gas, by 
difſolving in the nitrous acid any of the following 
metals, iron, copper, mercury, Alver, biſmuth, and nickel, 
and alſo by diſſolving gold or regulus of antimony in 


aqua regia. He obtained little or no gas by diſſolv- | 


ing lead in nitrous acid; and he found that the gas 
produced by diffolying Zinc and tin in that acid, had 
the properties of the nitrous gas in a ſmall degree 
only. Exper. and Ohſerv. vol. J. p. 110 and 126. and 

vol. III. P. 17. M. de Lofſone lays, that the gas which 


he obtained, by diffolving zinc in nitrous acid, was 


not nitrous, but calcareous gas. 


81. Dr. Prieſtley has obtained this gas, by applying 
nitrous * to almoſt all kinds of inflammable ſub- 


"DL 4 - _  ſtancey, 


| n 


__— On "fiitrous Gas. | 
ſtances, and more eſpecially to vegetable than to animal 
matters. Both theſe matters, thus treated with nitrous 
acid, yielded alſo conſiderable quantities of calcareous 
gas; but this difference was remarked between them, 
that vegetable matters yielded a much larger quan- 
tity of nitrous gas, and that the gag obtained from 
animal matters contained alſo a portion of a gas which 
my ſimilar in its properties to air in which candles had 
burnt till they became extinct, and which he there- 
fore calls phlogiſticated air. "This ſeemis to eſtabliſh 4 
new diſtinction between the animal and e ae 
Kingdoms. Exp. and Oherv. vol. II. p. . 
82. A large quantity of elaſtic fluid is expelled in 
the proceſs for making mirous ether by diſtillation ; 
| and the Duc 4 Ayen has found, that this fluid confi ſt⸗ 
ed of nitrous gas mixed with ether, Which has the 
5 fingular property of expanding into an elaſtic flick 
when mixed with any kind of gas, as De,  Prieftley 918 
obſerved, 1. vol. 1. 5. 232. 
83. The fingular phenomena witch. accompany 5 
the mixture of this g gas with air have been mentioned 
in $. 79, namely, the beat, redn. turbid appear ance, 
and diminution of bulk, = : 
Dr. Prigſie obſerves, that! the diminution of a mix- 
ture of this gas and of c common ait is not an equal 
diminution of both che kinds, but (fays he) ce of about 25 
i 1 one fifth of the common air and as much of the 11 
Sw! out air as iS neceſſary t to produce that effect; which, 
& 35 1 have found by many trials, is about one third | 
5 « as much as the original quantity of common. air. 
« For if one meaſure of nitrous air be put to two mea- 


. ſures of common air, in a few minutes (by which 


« time the efferveſcence will be over, and the mixture 
c ilk have recovered | its tranſparency) there will wank 
about 


On nitrous” . 8 
Gf one ninth of che original two meaſures; and 
« if both the Kinds of air be very pure, che diminu- 
& tion will go on very flowly, till, in a day or two, 
& there will remain one fifth leſs than the original 

quantity of common air,” =p and Obſerv. vol J. 
P. . 

When air is once cate with the nitrous gas, 
any further addition of gas occaſions an equal en- 
creafe of the bulk of the amen, and Oe a0 
heat or redneſs. 

The nitrous gas ſuffers n no Jieniontion pon 1 
mixed with any other kind of gas than air, and con- 
ſequently the diminution is greater when the air is 
purer, as Dr. Prięſtley has obſerved. And he has ac- 

cordingly very happily applied this nitrous gas, as a 
teſt, to diſtinguiſb air from other kinds of gas, and to 8 
treaſure the purity of air; by which means we are fu ⁴ 
niſhed with a new method of examining air, and con · 9 
ſequently of extending our eee of the atmo- 
Pherical fluid. 

In order to examine or aſcertain the purity of any. 
kind of air, let a jar Y (/ee Plate and explanation) bo 
filled with water, and inverted into a veſſel of water. 
Into this jar pour two meaſures of the air to be tried, 
and one meaſure of nitrous: gas. If, when the effer= 
veſcence ig over, and the mixture has loſt its turbid 
appearance, the quantity remaining be only one mea- 
ſure and ſeven ninths of a meaſure, we may know that 
the wa is as 225 at 1 hs dun an "POE ” be 
in 0 
* M. Lavoifer l Hs his em that the pro. 
portion of air and nitrous gas requiſite to produce a ſaturation, is 
. 16 parts of the former to 7+ parts of the latter; and that, when 


this proportion is obſerved, the whole quantity of nitrous gas diſ- 
; penn, and alſo one fourch of the air d 


t 


58 On nitrous Gas, 
in the trials made by Dr. Prieſtley, from which he de- 
duced the rule above quoted. If the quantity of the 
remaining mixture be greater than 13 meaſures, then 
the air js known to be proportionably leſs pure. But 
if, upon adding another meaſyre of nitrous gas, a 
further diminution takes place, that is, if the quan- 
_ tity of the remaining mixture he leſs: than 25 mea- 
ſures, the air will be known to be purer in proporti- 
on to the further diminution that may be produced 
by adding more nitrous gas. Accordingly, when pure 
factitious air (F. 26, 27, 28.) is ſublected to this 
mode of trial, four, five, or even fix times the above: 
mentioned quantity of nitrous gas may be added ta 
this pure air, before any augmentation happens: of the 
bulk of the air employed. 5 
This mode of trial may be + to 8 the | 
Nate. and ſalubrity of air in different places and in 
different times. Exper. and Qbfervat.. vol. I. p: 116. 
Accordingly Signor Landriani, in a tour be lately 
made through Italy, examined, by this method, the 
ſtate of the air, with regard to its purity, in the dif- 
ferent. places through which he paſſed, and he found 
that the reſult of his experiments correſponded exactly 
with the opinion which generally preyailed among the 
inhabitants concerning the ſalubrity of the air. In, 
the mountains near Fi/a,, he found that the air was 
more and more pure, as he aſcended higher; and that 
at Mount Veſuvius, the air was more vitiated, as it ap- 
proached the ſummit, The air of the Pontine lakes, 
that of the. Scirocco at Rome, that of the Campagna 
Romana, of the Eroita dei Cani, of the Zolfatgra at 
Naples, of the Baths of Nero at Baia, of the ſea- 
coalt of Tuſcany, were all found, on examination, a | 
be ſuch as daily ex Reis had led him to gy 


| On nitrous Gas. — | 59 | 
84. This gas extinguiſhes flame, (Hales, Appendix) 


and it is naxious to animals. But frogs and ſnails were 
obſerved to live in it a conſiderable time, although 


they at length died | in it. Exper. and hn: vol. J. 
p. 119. 226. | 


83. This gas is e of being abſerbed by various 


liquors, and in various proportions. | 
Diſtilled watef abſorbs about one tenth of its bulk of 


this gas; and the water thereby acquires an acid 


taſte, and becomes covered with a film. Nitrous gas was 
by long agitation in water rendered capable of being 
diminiſbed by freſh nitrous gas, as air is; and when by 
this agitation it was reduced to one eighteenth of its 
original bulk, a mouſe could live in it. Exp. aud 
Obſerv. I. 189. 120. | 
Nitrous gas was very ſuddenly and 0 wh 


| for bed by ſpirit of nitre the colour of which was there- 


by changed firſt. to a deep orange, then to a green: 
The quantity of gas abſorbed by a ſtrong ſpirit of nitre 
was in bulk 650 times greater than the quantity of 
fpirit employed. Towards the end of the proceſs; 
the evaporation of thg acid ſpirit was obſerved to be 
fo very great, that, at laſt, only half the quantity of 
ſpirit remained, and this was further obſerved to be 
very weak. The abſorption of the gas ſeems to have 
rendered the ſpirit yery volatile. Exper: and Obſerv. 
el. III. 195 a 85 — . 


| 


* Mr. Bewly 3 that his gas does not give to water a 
ſenſible acid i impregnation, unleſs it comes into contact, or is mixed 
with a portion of air. Exper. and Obſerv. J. 318. Neither does 
it ſeem to poſſeſs any of the properties of acids, while it retains its 
_ elaſtic ſtate. The Dale de Chaulnes introduced ſome tincture of 


tourneſol into a veſſel containing nitrous gas, and obſerved, that 


up alteration was produced in the colour of the liquor. 
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60 On nitrous hs 
Oil of vitriol was obſerved to abſorb about as much 
of this gas as water does; and to be thereby rendered 
of a purple colour, IA. III. 129. 
Spirit of ſalt imbibed ane twentieth of its bulk of this, 
gas, and its colour was thereby changed from Jellow. 


to a ſky-blue. . III. r29. 


kurpentine. 


I .!hnis gas was alſo abſorbed. by concentrated n 
fuble acids. Id. III. 130. 

Nitrous gas has been obſerved by Dr. Prieſtley to be 
| capable of being abſorbed by oils, echer, ſpirit of wine, 
and by cauſtic alkalr. The quantity abſorbed by oil of 
rurpentine was conſiderable, being equal in bulk ta 
eleven times the quantity af gil employed. The | 
whole of a given quantity of gas however could not, 
be thus abſorbed ; for a reſiduum, which extinguiſhed, 
a candle and ſeemed to be like air which had been 
e xpoſed to burning ſubſtances, remained equal to 
one fourth of the quantity of gas expoſed to the oil of 

EXP and Qbſerv. val. Ill. N. 112, &c. 2 

36. Nitrous gas being expoſed to a large ſurface of 
iran during two months, was rendered capable of main- 
taining flame, and even enlarging the flame, although: | 
It continued highly noxious. The ſame effects were 
produced by expoſing nitrous gas ta liver of ſulphur, 
during twenty-four hours; (Exgen. and Oyſerv. J. 216 
21. H. 178.) and to a mixture . e _ - 

ſulphur, 1d. III. . | 
A gas, poſſeſſed of this in ame property, may 
be procured by diflolving. tin or Zinc in nitrous acid, 
It may alſo be obtained by applying heat to a ſolution 
of iron in that acid, after the common nitrous gas had 

eſcaped from it during! the ſolution, without heat. bn 
| III. ae Eee. | | | 


| — x 


On nitrous Gas. 6⁴ 
Nitrous gas was diminiſhed, by expoſure to iron- 
Filings and ſulphur ritade into a paſte with water, to one 
fourth of its original dimenſions. When it has been 
thus diminiſhed by iron-filings and ſulphur, the reſi- 
duum cannot be diminiſhed by air, nor by agitation 
in water. Id. I. 223. 


87. The electric ſpark taketi i in nitrous gas diminiſh- 
ed this gas to about one fourth of its original quan- 
tity, and rendered it unfit for diminiſning air. When 
this ſpatk was taken while the. gas was in contact with 
a ſolution of archil in water, the colour of this ſolution 

was changed from blue to red, in a very great degree. 
Exper. and Obſerve vol. I. 122. II. 238. 

88. Nitrous gas is quickly decompoſed by a ſolu⸗ 
tion of green vitriol in water; the colour of which is 
thereby rendered darker, but is reſtored to green, on 
expoſing the ſolution. to air. nen and Gare. M. 

- Preface, p. 33. \\ 

89. The denſity of nitrous s gas appeared by an ex- 
periment of Dr. Prieſtley to be to that of air, as 184 to 
185. Exper. and Ohſeru. vol. II. p. 94. 

go. Dr. Prieſtley thinks that this gas conſiſts of the 
vapour of the nitrous acid united with phlogiſton, roge- 
ther perhaps with ſome ſmall portion of welallie cults 

Exper. and Obſerv. vol. I. Pe. 271. 

And Mr. Bewley juſtly reinarks, that this nitrovs 
acid in form of a fluid, not eondenſable by eold, can- 
not de reſtored to a liquid ſtate without the preſence 
and admixture of air. en and . I. Append. | 
OO | 
Ihe red appearance erte ieh takes place Wo, 

upon mixing nitrous gas with air, ſeems to Proceed 
from the many ſmall particles: or minute drops of ni- 
trous acid juſt reduced from an elaſtic ſlate to that 


By ; ; | of 


62 On vitriolic acid Gas. 

of a liquid, in conſequence of the mixture of this gas 
with air; and. theſe particles gradually ſubſide, or 

arc e abſorbed oy the _ 111 e | | 


o — 21 — ” LY * t 


nA P. VI. 

On vitriolic acid Gat. 

ger E vitriolic acid is capable of being raiſed 
by means of heat, and of mixture with 
bils, charcoal, or other inflammable ſubſtance, into an 
elaſtic fluid, which is not condenſable by cold, as Dr. 
Pritſtley has diſcovered. Exper. and Obſerv. vol. II. 

p. 7. This elaſtic fluid is called by Dr. Fg, who 
firſt obſerved it, Vitriolic acid air. | 
92. This gas is very readily abſorbed by water ; 
when thus brought into the form of a liquid, it poſ- 
ſeſſes all the properties of the vitriolie, ot rather per- 
haps of the volatile vitriolic or ſulphureous acid. As 
this gas ſo readily unites with water, it therefore can- 
not be collected in veſſels filled with this liquid, bur 
with fome e on which! it aer no ee as mer- 

> 

93, The "nt kind of gas may 420 be obtained 
- by means of heat from concentrated vitriolic acid and 
ſeveral metallic ſubſtantes; as copper, ſilver, lead, iron 
and zinc. It has been already obferved, that * gas 
of a different kind may be obtained from the ſame 

acid in a dilute ſtate acting upon ſome of e 4 
See Chap. M. on inflammable gas. | | 
94. The following properties of this gas were YI 
ſerved by Dr. ee W 1250 Obferv. vol. II. 


pP. 7% N,. 


4. It was "RO Hh aire 


. It extinguiſhed flame, 5 85 : 
5 * Teen, 


- 


On vitriolic acid Gas. 5 63 : 


e. It was abſorbed by charcoal, ro which it commu- 
hicated a very pungent fmelt. _ 

d. It diſſolved camphor readily, and reduced i it to A 
tranſparent liquor, from which, by addition of 11 9 5 
camphor was reproduced. | 

e. It did not at aon iron, nitte, common falt, or 
fal ammoniac. 

F. It formed a white cloud upon being mixed with 
a vapour of volatile alkali. _ 

. It injured common air. 

5. When electric ſparks were paſſed through this gas, 
included by means of quickfilver, in a glaſs tube, the 
fides of the tube became tinged with a black ſtain *. 


2 2 8 
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CHAP. -vit. 


Cn marine ad Cc as. | 


95. Iii EMISTS have femarked, that a confi def 


able quantity of elaſtic fluid is diſengagetl 
during the diſtillation of ſpirit of ſalt by means of oil 
of vitriol, by which means much of the ſtrongeſt acid 
eſcapes ; ; and Mr. Woa!fe, (Phil. Franſ. vol. EVIL.) 
in order to prevent this loſs, has invented an appara- 
tus, by means of which the vapouf is made to paſs 
repeatedly through water, and is thereby condenſed 


but this fluid was conſidered as a mere vapour, con- 


denſable by cold. Mr. Cavendifſs however, in attempt- 


. . Ing to produee an inflammable gas from marine acid 


acting o on 1 in the fame manner as he had done 


from 


* The ſame ſtain is 8 when ths electrie at and more 


.  effetually when the eleQric ſhock is made to paſs through common 
air confined by quickſilver, This black matter, when heated, ap- 


Pears to be pure quickfilver, Exp. and Offers vol. Ml, Pref. p.34. 
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from that acid acting on iron and zinc, fapod that 
an inflammable gas could not be thus obtained; but 
from:the phenomena accompanying the experiment 


was led to think, that ſqmeelaſtic fluid had been formed 
in the operation, and had been condenſed as ſoqn as 


it had come into contact with water. Fhil. Tranſ. 
vol. LVI. This appearance of an elaſtic fluid that 

was condenſed. by contact with water, ſeemed to Dr- 
Prieſtley to be an object worthy, of inveſtigation, 1 and 
from the experiments which he made with this view, 


he diſcovered. a new ſpecies of gaſes; namely, that to 


which the epithet. acid 1 is given. He diſcovered that 4 
gas could be obtained not only from ſpirit of ſalt 


zcting upon copper, but alſo from that acid alone by | 


means of heat; that this gas was quickly abſorbed by 
water, but when collected in jars previouſly filled with 
quickſilver, that it retained its elaſticity, and was there 
fore, according to our definition, a true permanent 


gas; to which he gave the appellation of marine acid 


air. Exper. and Obſerv. vol. 1. P „ 7 


96. The water which has abſorbed this gas, be- 
comes a ſpirit of ſalt, more or leſs ſtrong in proportion - 
to the quantity of gas abſorbed, . and thus a. ſtronger 

marine acid ſpirit. may be obtained than by, any other 


method. Exper. and Olſerv. vol. I. p. 148. Ice is 


as quickly diſſolved by this acid San it is by a hot 


5 fire. Id. vol. Lp. 240. 


97. This gas 44e upon many elle ms inflammable : 
blauen, and is thereby changed into an inlammable 
gas, as is ſhewn in chap. IV. f. 62. But the fumes 
of liver of ſulpbur did not render it inflammable: 


theſe fumes reduced its dimenſions, $0. one ro 


. r 1 258. 
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On nitrous acid Gas. 63 
Marine acid gas was a little diminiſhed by the 
elektric ſpark oY through it. Exp. and Obſerv. 
vol. II. p. 23 
98. This 3 enttinenibeir FAA ; and when mixed 


With air, it gives to flame a beauriful green or bluiſh 
colour. Id. J. 147. 
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CHAP, Un. 
On nitrous acid Gas. 


go. NOT only the nitrous gas above deſcribed 
| (chap. V.) may be obtained from the 
nitrous acid; but alſo the mere vapour of heated 
ſpirit of nitre was diſcovered by Dr. Prieſtley to aſſume '$ 
the form of gas: at leaſt, it remained uncondenſed  ' | 
by the cold of the atmoſphere to which it was ex- | 
poſed. Ewper. and Obſerv. vol. II. p. 169. 


The difficulty of finding a fluid capable of confin= 
ing this vapour, and on which it has no action, pre- 
vented a complete inv elligation of it: for it was rea- 
dily abſorbed by water, and it diſſolved quickſilver. 
Our knowledge of it is therefore very imperfect; but 
if it ſhould be found, upon further examination, to 
be a permanent gas, it may be denominated nitrous 

acid gas; while the gas deſcribed in . V. may 
retain the name of nitrous gas. 
When this vapour was mixed with nitrous gas, * 
mixture became red and turbid, the nitrous gas was 
diminiſhed, and its power of diminiſhing air was leſ- 
ſened. Exper. and Obſerv. II. 170. 1 

Dr. Prieſtley, to whom we are indebted for every 

thing we know concerning this gas, not finding any 


r in the ſtare of liquor capable of containing it, 
| F made 


— . 4 it at Ped AAOTIE CA Rooney do yes A : 
n + 3 in = he . 
* . I — rr W 92h - — TAPE 
E "Pr . 


66 a | On nitrous acid. Gas. 


made it paſs from the veſſel containing nitrous acid act- 

ing upon metals, into .phials containing air, by which 
means the phials were filled with this vapour mixed 
with air. The vapour in theſe phials was obſerved 
to be red; and the intenſity of the red colour of this 
vapour, and alſo of the high-coloured ſpirit of nitre 
itſelf, was encreaſed by heat, This phenomenon 
Dr. Prieſtley attributes to the action of heat on the 

phlogiſton contained in the vapour and acid. 

This vapour being mixed with air, and afterwards 
ſeparated from the air by being abſorbed by water, 
was found to have ſo altered the air, that it was no 
longer capable of diminiſhing nitrous gas: Exp. and 
Obſerv. vol. III. p. 192. | 

Water very readily abſorbs this vapour, and is 
thereby converted into a ſpirit of nitre, the colour of 
which varied according to the ſtrength of the impreg- 
nation, from blue to green, a and thence & to a 4 Fee 
hue. Id. III. 198. 

During the beginning of the impregnation of the 
water with this nitrous acid vapour, the water was 

obſerved to ſparkle much; and the impregnated water 
gradually emitted ſo much elaſtic fluid during two or 
three days after the impregnation, that the veſſels, if 
cloſely ſtopt, were in danger of burſting. This elaſtic 
fluid was expelled more copiouſly by heat; and up- 
on examination, was found to be nitrous gas. The 
quantity of this gas which was expelled from impreg- 
nated water, was in bulk ten times greater than the 
water employed. But it appears from Dr.-Prieftley's - 
former experiments, that water can abſorb only one 
tenth of its bulk of nitrous gas; therefore this large 
quantity of nitrous gas does not enter as nitrous 
gas mixed with the acid es ct into the water; but 


Y | fs ſeems - | 


On nitroits acid Gas. 67 
ſeems to be formed by the union of the vapour with 
the water. 

This acid vapour, united with pte oils, ren- 
dered them of blue and yellow colours, and coagu- 
lated them. By combining with eſſential oils, it pro- 
duced heat and efferveſcence; and once an exploſion 
happened. Exper. and Obſerv. III. 208. 210. 

Ihe gas produced by the union of the vapour with 
oils, was found to be fimilar in its properties to phlo- 
giſticated air, or air which had been expoſed to burn- 
ing or phlogiſtic bodies; that is, it extinguiſned 
flame, and poſſeſſed none of the diſtinguiſhing pro- 
Pente of other gaſes. Id. III. 211. 

Oil of vitriol and ſpirit of ſalt imbibed this a 
vapour. T he ſpirit of falt thus impregnated became 
an aqua regia, which readily diffolved gold; and when 
heated, it yielded a conſiderable quantity' of nitrous 
Las, in the ſame manner as the impregnated water 
was obſerved to do. But no gas could be expelled 
from the impregnated-oil cf vitriol, Id. 222. : 
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„ On fluor acid Gas: 
100. N I. Prieſtley has obtained an acid gas, 67 

| diſtilling the minerals called fuors with oil 
of vitriol, as in the procefs for obtaining the acid of 
fluors. (Seh Difionary of Chemiſtry, artitle Fluors. ) 
And he has obſerved the following properties of this 
gas, to which he gives the name of Fluor acid air. 
Exp. and Obſetv. II. 187. and III. 285: 

This acid vapour or gas no ſooner came into contact 
wich warer than part of it was abſorbed, and at the 
ſame time the ſurface of the water became covered 
with a floney film, fimilar to that produced by the 
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68 | On 7 acid Gas: 


mixture of the acid of fluors with 3 an: which 


Mr. Scheele pretends to be a quartz or flint, When 
this film was broken, another cruſt was formed on 


the ſurface of the water, and ſo on ſucceſſively till the 
whole of the gas was abforbed by the water, whicir 


thereby becomes impregnated with a very volatile acid. 


As this acid is ſo readily abſorbed by man it re- 


7 y_ to he confined in quickſilver. 


101. This gas retains its acid properties ; for beſides 
its uniting ſo readily with water, it forms a cloud with 
alkaline gas, deſcribed in chap. X. and it may be ab- 


forbed by chalk, fromwhich it extricates calcareous gas. 


102. This gas was abſorbed by charcoal, by ruſt of 
iron, and by alum, the ſurface of which it rendered 
white and opake, by ſeizing the watery part of the 
alum. When ſalt-petre was expoſed to it, the veſſel 


| became filled with red fumes, and the gas was gradu- 


ally diminiſhed till only one tenth part of it remained. 
One fourth part of this reſiduum was abſorbed by lime- 
water, in which it.occafioned a precipitation. | 

10g. Water impregnated repeatedly. with this acid 
gas, and freed from the earthy cruſt, being heated, 
was found to' yield a gas which did not form any cred 
with water, but poſſeſſed all the properties which 
have been obſerved, of vitriolic acid gas. 


104. Fron the above properties of this fluor acid 
pat. Dr. Prieſtley is induced to think that the fluor 
acid is not a particular acid, but is the acid of vitriol, 


charged with as inuch phlogiſton as is neceſſary to 
give to it the form of gas, and alſo with much of 


the carthy matter of the fluor. And he is confirmed 
in this opinion from the following obſervations: _ 
1. That fluors contain phlogiſton, appears evident 


from the effects of Killa Wenn with nitrous acid; 


2 e | by 


On fluor acid Gas. 69 


by which means nitrous gas, and a gas capable of 
producing a precipitation in lime- water, are formed. 
2. It appears no leſs evident, that an earthy matter 


is raiſed along with this gas, from the cruſt which is 
precipitated from the gas, when water is added, 


3. The gas obtained by applying heat to the water 
impregnated with fluor acid gas, poſſeſſes all the 


known properties of vitriolic acid gas ; the water 
having deprived the acid of the earthy matter which 
gave to it the peculiar properties of the fluor acid. 

4. When nitrous or marine acids are fubſtituted 
inftead of vitriolic acid, in the procefs of obtaining 


the fluor acid, none of the gas that is capable of form- 
ing a cruſt with water is eren . and Obſeruv. 


vol. III. p. 288, 


Mr. Scheele however affirms, that the fluor crufl Was 


produced, by diſtilling fluor with nitrous or marine acid 5, 
Nevertheleſs, Dr. Pyigſtley has remarked a difference 


between water impregnated with vitriolic acid gas, 
and water impregnated with fluor acid gas, namely, 
that the former is capable of being converted into ice 


by cold, but that the latter is not. He thinks that 


this difference may proceed from the earthy or fluor 


cruſt, Id. vol. III. p. 360. 


M. Monnet endeavours to confirm by experiments the 


opinion of Dr. Prieſtley, that the acid obtained by diſtil- 
ling a mixture of ſpar and oil of vitriol, is not a peculiar 


acid, but he thinks that it is the acid of vitriol employed 


in the proceſs which has been rendered volatile, by 


combining with the earthy principle of the ſpar. He 


found, after he had obtained as much acid as he could by 
diſtillation from that mixture of ſpar and oil of vitriol, 
that by adding water to the acid reſiduum, he obtaiyied 


' moreacid by diftittation; and that the reſiduum afterthis 
5 F z 77 ſecond 
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| ſecond operation was no longer acid. He concludes 
from this experiment, that the whole of the vitriolic 
acid is thus volatilized, and that the earth of the ſpar 
is rendered volatile by means of that kind of combi- 
nation with the vitriolic acid, which is called with 
—_— of acid. He further found, that a ſaline 
matter which he obtained by lixiviating the reſi - 
duum, and which reſembled ſelenites, but was 
really different in its properties, being diſtilled in 
the ſame manner with vitriolic acid, the ſame vola- 
tile acid was thereby produced ; and that the cruſt 
formed in the water of the receiver during the diſtil- 
lation of a mixture of vitriolic acid and ſpar, when 
deprived of its exceſs of acid by waſhing in water, 
became exactly fimilar to this matter obtained. by 
lixiviation of the refiduum. From the acid liquor re- 
maining in the retort, diluted with water, a white 
precipitate was thrown down on addition of fixed al- 
kali, and a yellow precipitate on addition of a folu- 
tion of mercury in nitrous acid, which yellow preci- 
pitate could not be ſublimed, 3 was not therefore 


corroſive ſublimate, according to the idea of the 


chemiſt, who has aſſumed the fictitious name of 
NM. Boullanger, and who contends that the acid ob- 
rained in the diſtillation of ſpar with oil of vitriol is 
the marine. By fuſing ſpar with fixed alkali, M. 
Monnet could not obtain any neutral ſalt. See Ke: 
wer's Journal, Auguſt 1777. 

The experiments of M. Monnet do not . 0 
cide the queſtion concerning the nature of the fluor 


acid. The acid which he obtained wanted the moſt cha- 


racteriſtic property of the fluor acid, which is the power 
of corroding glaſs. Poſſibly there may be a difference 
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Of Alkaline Gas. 


0g. O T only the vapour of acids, but alſo that 
| of volatile alkali, may be raiſed into a per- 


manent gas by means of heat, as Dr. Prieſtley has dif- 


covered. Thus by applying the flame of a candle to 
a phial containing volatile ſpirit of ſal ammoniac, he 


expelled much vapour, which being received into a 


veſſel filled with quickſilver, continued uncondenfed 
by cold, When mild volatile alkali was employed, 
he obſerved that much of the gas which combines 


with: alkaline and calcareous ſubſtances was alſo ex- 


| pelled, He therefore preferred the cauftic volatile 


. alkali, for the purpoſe of obtaining this alkaline gas. 


Exp. and Obſer. I. 163, Sc. 

106. Alkaline gas is very readily and copiouſly ab- 
 forbed by water, with which it forms a very ſtrong vo- 
latile alkaline ſpirit. It alſo difſoves ice as faſt as if 
the ice were expoſed to a hot fire. This gas unites 
with the marine and vitriolic acid gaſes, forming con- 
_ crete ammoniacal ſalts; and with the gas of calcare- 
ous ſubſtances, with which it concretes into oblong 
flender cryſtals. '12id, Although volatile alkali rea- 
dily acts upon copper, yet this metal was not affected 

by alkaline gas. Id. vol. II. 232. 
10. Alkaline gas, mixed with air, was found to 
be inflammable. Jbid. Cygna ſays alſo, that air 
ſaturated with volatile alkali is inflammable. 


Alkaline gas was encreaſed in its dimenſions by elec- | 


r ſparks paſſing through it; and when as much of 


the gas, thus treated, was abſorbed by water as could 


be done, the refiduum Was inflammable. Exp. and 
Obſerv. vel II. p. 240. | 
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T2 Of alkaline Gas. 

108. In the preceding chapters the ſeveral ſpecies 
of gaſes, hitherto known and diſtinguiſned from each 
other, by their peculiar properties, have been de- 
ſeribed. But as two or more of theſe ſpecies are fre- 
quently obtained from the ſame ſubſtance, and by the 
ſame proceſs; the following chapters will contain 
- ſome obſervations relative to the kinds and quanti- 
ties of gas produced from certain ſubſtances, and in 
the laſt chapter will be added ſome canjectures and 
ſpeculations concerning he theory of theſe fluids. _ 


— * rr bo Way - =" FA 8 


G HAP, XI. 
On the Gas extricated from putreſying Subſtances. 


109, A Permanently elaſtic fluid, or gas, eſcapes 


from animal and vegetable ſubſtances un- 
| ane the putrefactive fermentation. 


This gas conſiſts of two different kinds mixed to- 
gether. One of theſe renders cauſtic alkalies mild, 
and precipitates lime- water, as Dr. Mackbride has 
ſhewn, The other kind of gas was obſerved by Mr. 
Cavendiſh to be inflammable.. See Chap. IV. on n 
mable gaſes. 
In order to aſcertain che 0 and proportion bf | 
theſe two gaſes, Dr. Prieſtley put a piece of mutton, 
"weighing four pennyweights and ſix grains, into a jar 
filled with quickſilver, and inverted into quick ſilver, 
and he found that the quantity of gas emitted dur- 
ing the putrefactive proceſs, was, in bulk, equal to 
214 ounces of water, of which quantity 220 ounce 
meaſures were of the former kind of gas, and the 
remainder was inflammable. It is obſervable, that 
all the inflammable gas was extricated in the begin- 
ning of the _ ps and 855 vol. III. 344. 


* rom. 
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On the Gas extricated from putrefying Subſtances. 73 
From 7640 grains of putrefying broth, {which con- 
ming about 163 grains of ſolid matter) one grain of 


inflammable gas was Peocurec by Mr. Cavendi ih. 
Phil. 7. OW 10 | 


ws. * ** 


| 0 H AP. XII. | 
Of the Gas obtained by Fire from Animal and Vegetable 
| Subſtances. 


110. A FF UCH elaſtic fluid is produced in the diſtil- 

lation of animal and vegetable ſubſtances. 
Dr. Hales has aſcertained the quantity of gas which 
he procured | from many of theſe ſubſtances. From 
his Analyfis of Air, the followi 10g ſummary of the re- 
ſults of his experiments is collected: 


1 „ 3 33 cubic inches of gas. 


L cubic inch of deer's I.. 3 32 
* __ To wi 5 80 A x7equal to one ſeventh of its wt, 
+ cubic inch of oak 108 — one third ditto. 
8 grains of a 3 : 
38 2 mY at Indian j270 — one fourth ditto. 


x cubic inch of peaſe 396 — one third ditto. 


437 yo of mu 
p tar d ſeed 9270. 


| 143 Drona of dry tl. 3 — one third ditta. 


1 cubic inch of oil of | 22 


— one ſixth ditto. 


ant ſeed 


1 _ inch of oil of * 88 


cloves 
1 cubic inch of haxey 


mixed with cal-\ 144 — one ninth ditto. 
| cined bongs | 
1 cubic inch of bees- 
dar 5 54 — one tenth ditto. 


- 3 1 cubic. 


74 Of the Gas obtained by Fire, Sc. 

1 cubic inch of <a 126 cubic inches, equal to one 
 fugar, yielded tenth of its weight. 
1 cubic inch of tartar 504 — one third ditto. 
4 77 __ of all In „ one ninth ditto, 
cubic inch of þu- J 16 | 

man calculus | 
- # cubic inch of ſtones . 

taken from a hu- C 108 

man gall bladder 
Van Helmont computes that of 62 pounds of char- 
1 61 pounds may be reduced into gas by burning. 

Complex. atg. mniſtion. elem. fem. 13. 

It may be remarked generally, that the elaſtic fluid, 
produced by fire from animal and vegetable matters, 
js chiefly a mixture of calcareous gas, deſcribed in chap. 
III. and of another gas which is inflammable, and which 
may be ſeparated from the former by. expoſure to 
water ; by which means the inflammable gas will be 
left alone, the other being almoſt totally abſorbed by 
the water. The inflammable gas thus obtained ſe- 
parate from the other, is not quite*pure ; for I found 
that a gas obtained by diſtilling tartar, which did not 
ſhew any marks of its containing air when mixed | 
with nitrous gas, being expoſed to water and lime- | 
water till no more could be abſorbed, left a reſi- 
duum which was inflammable, and which, on be- 
ing mixed with nitrous gas, became turbid, and was 
a little diminiſhed ; which ſhews that the refiduum 
contained a ſmall portion of air, mixed with the 1 . 
9 flammable gas. | 


CHAP, 


T{ 3s] 


„„ | 
Of the Gaſes in Mines and other NOT OS Places. 


111. „ e gas is found in many caverns, as 
in the famous Grotta del Cane, in mines, 
wells, and other deep pits. This gas, which by Eug- 

liſb miners is called Choke-damp, is heavier than com- 


mon air, and therefore lies chiefly at the bottom of 


pits : extinguiſhes flame ;, precipitates the lime of 


lime-water ; and is noxious to animals: from theſe 


properties, which it poſſeſſes in common with the gas 
obtained from calcareous and alkaline ſubſtances, it 
has been reckoned to be of the ſame kind, as that 
' which has been deſcribed under the name of calcare- 
ous gas, See Chap. III. * 


112. Another kind of gas found in mines and other 


deep pits, is called Fire damp, from its inflammability. 
It is lighter than air, floats near the roofs of mines, 
and is apt to catch fire and explode. This is 
one of the gaſes which have been enumerated under 
the name of Inflammable gas. See Chap. Iv. 

wo | | CHAP. 


* Miners who work in mines that are ſubjeR to this damp, gene · 
rally carry down with them, into their pits, a lighted candle to try 


the ſalubrity of the air. They can, however, remain with ſafety | 


| ſeveral hours in pits where a candle cannot burn. I have ſeen them 
working in the ſhaft of a coal-pit ſeveral yards below the pait of 
the ſhaft where a candle was extinguiſhed. For, as has been al- 

ready obſerved, in treating of calcareous gas, flame may be ex- 


tinguiſbed by mixing a ſmaller quantity of noxious gas with air 


than is ſufficient to prevent reſpiration ; but where the damp is ſo 
ſtrong, that not only the flame of the candle, but alſo the redneſs 


of the burning wick is extinguiſhed, the miners never yenture to 


remain a minute, knowing that degree of dapp to þe quickly 
fatal to animal life, 
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HA F. XIV; 
Of the Gas of Waters. 


. A elaſtic fluid may be expelled from com- 
mon water, by removing the preſſure of the 


atmoſphere, or by boiling. But although the greater 


part of the air or gas may be expelled by theſe means 
from water, yet M. de Luc ſhews, from many labori- 
ous experiments, that water obſtinately retains a certain 
quantity. of air or gas, which cannot be extricated by 
boiling, by the air- pump, or by any other en 
means, than by a long- continued agitation in vacuo; 
and he further ſhews, that when water is thus Seve 
of all the air that can be ſeparated from it, it then be- 
comes capable of ſuſtaining, without. boiling, a much 
greater heat than can be given to it in its common 
ſtare, even to 240 of Fahrenberf's ſcale, or more. 
The claſtic fluid contained in water, may be allo ſe- 
parated by freezing. Accordingly ice is always ob- 
terved to contain many bubbles. 
From 54 Cubic inches of well-water, Dr. Hales. 
obtained one cubic inch of elaſtic fluid; and from a 
pint of pump-water Dr. Prieſtley procured one quar- 
ter of an ounce meaſure of a gag in which a candle 


could not burn, but a mouſe lived. Exper. and Ob.. 


wol. I. 160. Ihe water of another pump yielded one 


fourteenth of its bulk of gas. Id. vol. II. 223. 


A much larger quantity of gas is contained in many 
mineral waters. I hus from 411 ounces of the water 
of Rathbone place, Mr. Cavendiſh obtained above 73 
ounce meaſures of gas, of which quantity he obſerves, 
not above twenty meafures were extricated before the 
water 1 "Phileſ Tranj. vel. LY/1I, 

Some 
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Some authors talk of a much larger quantity of gas I 

being contained in water. Thus Mariotte aſſirms that 1 
a bubble of elaſtic fluid, expelled by heat from water, 
did oceupy, when reduced to the temperature of the 
atmoſphere, a ſpace, ten times greater than the ſpace 
occupied by the water which had contained it. 

But Dr. Hales ſuſpects that part of this gas produced 
in Mariotte's experiment, (which was made by apply- |} 
ing heat to a drop of water included in a glaſs thim- | 
ble filled with oil and inverted in oil) proceeded from 

the oil: for oil alſo contains a conſiderable quantity 
of gas, according to Dr. Hales's ex xperiments. Hales, 4 
— ij #* 

Other mineral waters yield a very ſmall quantity of =_ 
b being heated. From 54 cubic inches of . Pyr- 
mont water, Dr. Hales procured two cubic inches f 
Wy which he ſeems to have erroneoufly conſidered as 
air. Bath water yields only one thirtieth of its bulk 
3 ah; according to an experiment of Dr. Prieſtley ; 
and of this quantity, one half bad the properties of 
calcareous gas, and the other half of air in which, a 
candle had burnt out. Exper. and Obſerv. vol. Il. 
p. 223. Dr. Hates procured no more gas from two 
quarts of Bath water, than was qu in bulk to half 

a pea. Appendix. ans, | | 
114. Dr. Hales juſtly bene the pecull ar -brifk- | 
neſs and fparkling quality of Fyrmont and other mine- | 
ral waters to the gas which he found was contained |} 
copiouſly in them. Hoffman allo obſerved, that ſome 
mineral waters in Germany contained nothing ſaline, 
but that they abounded in a volatile principle, to i 
which he gives the name of fulpbureous aereo-etheres — 
elaſtic ſpirit. And Mr. Venel ſhewed in 1750, that the | 14 
waters of Seltx were neither acid nor alkaline, but 1 

con- 
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contained one fifth of their bulk of an elaſtic fluid, to 
which they owed their peculiar properties: and he 
endeavoured to imitate this mineral water, by adding 
to a French pint of water two gros of mineral alkali, 
and a ſufficient quantity of marine acid, to ſaturate 
the alkali. This mixture being made in a flrait- 
necked cloſe veſſel, the gas which was expelled from 
the alkali by means of the acid was not allowed to 
eſcape; but it impregnated the water ſo ſtrongly, 
that this water was found to contain twice as much 
gas as the native mineral water. 

Mr. Venel does not however Aline che gas $ con- 
tained in mineral waters from air. 

Dr. Seyp of Pyrmont in the year 1736 conſidered this 
fluid ts be the ſame /as that which is found if the 
Grotta del Cane, and other ſubterranean places: and 
Dr. Brownrigg ſent to the Royal Society a paper, in 
which the gas of Hyrmont and Spa waters is ſaid to 
be analogous to the chołe-· damp or permanently elaſtie 
gas of mines, which is ſhen in ehap- XIII. to be that 
gas which is in this Treatiſe called ara "Phil: 
Tranſ. vol. LV. Fuel 

Mr. Cavendiſh "gb that the 81 Abbended Front 
the waters of Ratbbone. Place occafioned a precipitation 
in lime water; and he is induced to believe, that the ' 
greateſt part of it is of the ſame nature as the gas 
contained in calcareous earths: but he alſo found, 


that 775 of the elaſtic laid contained in this'y water 


were air. HE 1 
1155 Mr. Caen Use that ealcefebus earel 
is ſuſpended and diſſolved in the waters of my 
- ſprings, by means of their contained gas. By an ac: 
curate analyſis of the waters of Rathbone-place, he ob. 
tained, from 494 ounces of theſe waters, 271 grains 


of 


Of the Gus of Waters. 79 
of earth, which, excepting a few grains of magneſia, 
was of the calcareous kind. He further ſhews, as has 
been already remarked, that the gas obtained from 
calcareous or alkaline ſubſtances is capable of diſſolv- 
ing calcareous earth, that is, of making it ſoluble in 


water. It may ſeem extraordinary that this gas, 


which is knowu to precipitate the lime from lime- 
water, ſhould alſo render this earth ſoluble in water ; 


but the fact is uncontrovertible; for beſides that this 


Or ſome very ſimilar gas is proved to be the medium 


by which the calcareous earth is kept ſuſpended in 


Nathbone place, and other waters, it is ſhewn by Mr. 
Cavendiſb, that if to lime- water, which has been ren- 
dered turbid by means of calcareous gas, more of the 
ſame gas be added, this water will, by this addition, 
be enabled to rediſſolve the precipitated lime, and 
will be again rendered pellucid. And indeed this 


phenomenon is analogous to other well-known chem 


cal facts. For many of the precipitates, formed by 

adding alkalies to the ſolutions of metals in. acids, 
may be rediffolved by a further addition of the alka- 
line precipitant. 

116. Mr. Lane has ſhewn that the gas of ira 
waters is capable of diſſolving iron; and that by means 
of this fluid; without any other menſtruum, the iron 
is diſſolved and ſufpended in many chalybeate waters. 
Theſe chalybeate waters depoſite their iron when ex- 
poſed to air; for the gas, by means of which it is fuſ- 
1 18 e and eſcapes von ex ran to air *, 

| Bur 
Pr. Habs has obſerved, that when mineral <vaters- bod been 


deprived of their elaſtic fluid, they loſt their power of tinging 


an infuſion of galls. (Appendix.) And indeed Van Helmont, long 
before, knew that the eſcape of the ſpirituous gas, from theſe wa- 


ters, by expoſure to 8 was accompanied with a loſs of their aci- 
| Fo dulous 
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martial and earthy parts ſeparated. 


not eſcape from the water which it impregnates, un 
leſs the water be in contact with air; for when the. 
Pobun water was excluded. from air, but at the ſame 
time liberty was given for its gas to riſe, into an empty 


pladder, the gas did not ſeparate from the water by 
ad ny ſpontaneous motion, but on the contrary, it re- 
I _ mained united with the water, when expoſed to the 

greateſt heats of our climate. When the impregnated 


water is thus excluded from air, the gas will eſcape 


but ſlowly with any heat leſs than that of 110 of Fab- 
renbeit's thermometer, although ſuch heat be ſuffici- 
ent for the diſtillation of water; neither can this gas 
be wholly expelled by a heat of 160* or 170%, con- 
tinued two hours. This adheſion ſhews, that the gas. 


exiſts in the mineral water with the other ingredients. 


in a ſtate of ſolution ; ard in the ſame proportion in 


which the gas is expelled, in the ſame alſo are the 
See Dr. Brown- 
rigg s paper on Pobun waters, Phil. Tranſ. vol. LXIY. 
- There is reaſon to believe that the gas may be more 
intimately combined with the ingredients of ſome 


mineral waters than with thoſe of others, and cannot 
be ſo eaſily expelled. Dr. James Keill obſerved, that 


a mineral water near Northampton loſt its ſpirituous 


5 quality, by being long kept included in a Florence 


flaſk hermetically ſealed. The combination of the 


gas with the water may have been rendered more per- 


fect by time. Perhaps the reaſon why ſo little gas 
can be extricated from Bath water, (ſee $. 113.) may 


be, _—_ it is more e jutimately ee with that 
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Water, or united with other ingredients which mn” ©; 
and fix it more than in the waters of e and 


others which ſparkle much. 
117. Gas may be ſeparated from water, not 551 


by the means mentioned in f. 113; but alſo by addi- 
tion of an acid, which occaſions an efferveſcence, and 


_ conſequently an eſcape of the gas. Hence the aci- 


dulous waters are made to ſparkle; by e Tow 


of lemons; or Rbehiſh wine. 


118. The diſcovery of gas being the principle to 


which the briſkneſs and peculiar properties of the 


mineral waters called acidulous are principally owing, 


Having been aſcertained; and Dr. Hales and Mr. Ca- 


wendiſh having ſhewn, that the gas of calcareous ſub- 


| ſtances was capable of being abſorbed by water, it 


occurred to Dr. Prieſtley, that the artificial impregna- 


tion of water with gas might be applied to uſeful 
purpoſes; and that mineral waters might be thus'imi- 
_ tated, It was obſerved, that the water which had 


been diſtilled from ſea-water, although free from any 


ſaline matter; was not ſo palatable or briſk-as pump- 
water. This defect Dr. Prieſtley propoſed to ſupply; 


by impregnating the diſtilled water with the gas ex- 


tricated from chalk by means of oil of vitriol. 'And 


he publiſhed an account of an eaſy method of effe&t-- 


ing this impregnation. His method confiſted in eol- 


lecting a ſufficient quantity of his gas in a bladder, 


and in foteing the gas from tlie bladder through, a 
bent tube into the water intended to be impregnated 3 


Which water was contained in a bottle invertedinto a 


baſon filled alſo with water. The gas thus remaining 


in contact with the ſurfate of the water within the 

inverted bottle, is gradually abſorbed, and the abforp- 

tion is haſtened, * n the ee The 
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82 0 the Cat of Waters: 
water, by being impregnated, acquires the taſte of the 
acidulous mineral waters; and accordingly this artifi- 
cial impregnation of water with gas has been lately 
much practiſed, in order to imitate theſe mineral wa- 
ters. Dr. Percival obſerved, that the water thus im- 
pfregnated acquires more of the ſparkling quality of 
- Pyrmont water, by being kept ſome time. Exper. and 
 Otferv. vol. I. p. 32. | 
This impregnation of water with gas is much act 
ticated by Dr. Neeth's invention of an elegant and 
well-contrived apparatus of glaſs veſſels for this pur- 
poſe, an account of which is publiſhed in the Philoſ. 
Tranſ. vol. * See alſo 7s Jig. 4, and the ex- 
ne. 1 

119. The gas 3 in water is ſaid by ſome 
* ee. to be more expanſive than air is; that is, 
that by an equal diminution of preſſure upon theſe 
two elaſtic fluids, the bulk of the former is much 
more enlarged than the bulk of the latter. S'Graveſ- 
ande obſerved, that a bubble of the gas in water ex- 
panded ſo as to occupy a {pace 15000 times greater; 
when the common air fuffered an expanſion of only 
300 times. And Muſchenbrotk affirms, that he has 
ſeen a particle of this gas expand itſelf to a fize 
456, 686.000, oo times greater, But, he adds, ſuch 
particles are not always to be obſerved in water; and 
he conjeckures that this gas, as well as air, conſiſts 
of particles of different denſities and alafticitings Introd. 
ad Pbileſ. Nat. F. 2051: 2063. 

That theſe ſingular expanſions of bubbles of: gas 
in water appeared as is repreſented, cannot be doubt- 
ed, when we conſider the accuracy and ability of 

Graveſande and Muſcbenbroek. But that the gas of 
water . an. e ſo much greater than 
As | air, 
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Fo the Cas if. Waters. | 82 
bir, is an inference not eaſily to be admitted; And 
may not this phenomenon be otherwiſe explained ? 
Water and other liquids are known to retain ſo pow- 
erfully the air or other elaſtic fluids which happen ta 
be united with them, that theſe elaſtic fluids cannot 
be intmediately thence expelled, either by boiling or by 
removing the preſſure of the atthoſphere z but while 
| the liquids remain freed from this preſſure, the air or 
other elaſtic fluid ſeparates from them very ſlowly and 
gradually, forming a bubble which becomes more and 
more large, from the gradual acceſſion of exceedingly 
ſmall and almoſt inviſible particles of ſuch elaſtic 
fluid. This very ſlow ſeparation of air from liquors, 
and the gradual formation of bubbles, was particularly 
noticed by M. de Luc when he was making thermo- 
meters. It ſeems therefore probable, that the enlarge- 
ment of the bubbles obſerved by the Dutch philoſo- 
phers, did not proceed merely from an expanſion of 
a given quantity of air or other elaſtic fluid, but prin- 
cipally from the acceſſion of more particles of this 
fluid diſengaging themſelves from the water during 
the experiment, and uniting with the bubbles ready 
formed. 
Muſchenbroek fays alſo, that by doubling the pteſſure 
he reduced the elaſtic vapours of a fermenting paſte 
to a quarter of its former fpace : and he thinks that 
moſt elaſtic fluids are not ſubject to the ſame law as 
air is, namely, that the ſpaces occupied by them are 
inverſely as the powers with which they are nme. 
fed. Introd. ad Phil. Nat. F. 201 | 
As Muſchenbrogk does not relate the manner. in 
which the abovemenitiotied experiment was made, we 
cannot ſay whether ſome error might not arife from 
condenſation of ne vapours, or from any abſorp- 
G2 ET 


8 Of the Gas of Waters. 
tion of gas. A different reſult however was the « cons 
ſequence of the following experiment. 

I filled a bent tube open at one end only with ſome 
gas obtained by adding vitriolic acid to chalk. By 
pouring mercury into the tube, a quantity of this gas 
was included between the cloſe end- of the tube and 
the ſurface of the mercury. I meafured the ſpace 
occupied by the gas thus expoſed to the compreſſion 
of the atmoſphere, and alſo of the column pf mercury 


in the open leg of the bent tube above the ſurface of 
that fluid in its cloſed leg. I then varied the height 


of this column, by pouring more mercury into the 


tube, and 1 obſerved the reſpective diminutions of 


ſpace which the gas ſuffered from the encreaſed com- 
preſſions. By comparing the ſeveral obſervations 
which I had made, I found that the ſpaces occupied 
by the gas, under different preſſures, were to each 
other inverſely as their reſpective compreſſing forces, 


and conſequently that this elaſtic fluid is fürs to 


the lame law, | in this reſpect, as common air is. 


* The bulk of every permanently elaſtic uid is . in the 
inverſe proportion to its preſſure, with the ſame heat, But as con- 
crete bodies are ſubject to very different expanſions by equal de- 
grees of heat, ſo alſo are gaſes. Dr. Prie/ley has made experiments 


to meaſure the expanſions of ſeveral of theſe fluids, while the mer- 


cury of Fahrenheit's thermometer was expanded 10 degrees. The 

proportions of theſe, expanſions to each other are ex preſſed i in the 
following table, 85 | | | 
Common air es 1.32 A B 5 . 2.21 
_"Inflammable gas — 2.05 | Phlogiſticated air — 1.6; 
Nitrous gas —— 2.0 .| Vitriolic acid gas -2.37 


7 Calcareous gas — 2.20 5 SO gas 17 — 925 : 
„ Marine acid gas. =, 4. 33 . yl 
F Dr. P riefiley expreſſes | 9255 doubt of. the accuracy of bis experiment con- 
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On Fulminating Gaſes. 


Seu gaſes. are ſo. ſuddeuly axial or 


formed from the ſubſtances containing them, 


by the heat applied, or hy means of the action of the 


parts of theſe ſubſtances on each other, or by the 
concurrence of both theſe cauſes, that in the inſtance 
of their formation an explgſſon or fulmination happens. 

121. A gas of this kind is produced by the defia- 
gration of nitre with inflammable ſubſtances. Hence 
the exploſion : of- £un-powwder, and of the fulminating 
powder compoſed of nitre, falt of tartar, and flowers 
of ſulphur. 

The quantity of gas obtained from gun-powder was 
found by the experiments of Mr. Robins“ to be equal 
in bulk to 244 times the bulk of the exploded gun- 
powder, when this gas is compreſſed by the atmo- 


Tphere and reduced to the ſame heat : and as the ex- 


panſion of the air appeared, from his experiments, 


to be encreaſed four times by the heat of iron juſt 


beginning to be white, he infers, that if the elaſtic 
fluid of gun-powder be equally affected by heat ag 
air is, its expanſive force, in the inſtant of exploſion, 
is nearly a thouſand times greater than the preſſure 


of the atmoſphere ; a force ſufficient to e the 


effects of gun- powder. : 
- Boyle obſerved that the gas of gun- 59808 was noxi- 


Z ous to animals; and Dr. Prieſtley found, that the gas. 


obtained by applying heat to a mixture of nitre and 


ſulphur was the nitrous gas. Exper. and Obſervat. 
5 WY: p. 90. 


2 5 63 . A 122. Some 
* On Principles of Gunnery. 
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86 _ On fulminating Gaſes. 


122. Some metallic precipitates are capable of ful- 
minating. The preparation called fulminating gold is 
well known. The gas produced during its exploſion 
has not been examined. 

Mr. Bayen has diſcoyered that various mercurial 
Frecipitates fulminate, when they are triturated with 
about one fixth part of flowers of fulphur, and after= 
wards heated, Of t theſe precipitates the following are 
the principal, | 

a. Precipitates made by adding a fixed alkali, mild 
or cauſtic, or a volatile mild alkali, or lime water, to a 
ſolution of mercury in nitrous acid. 

b. Precipitates made by adding fixed a: thaties 11 

or cauſtic, or lime. water, to a ſolution of correſive lach. 
limate i in water. 

. K precipitate or mercurial cal prepared by 
digeſting, in a ſand-bath, furbith mineral, with a ſo- 
lution of fixed a/kali in water, till the precipitare be- 
came red. 

Mr. Bayen remarks, that no detonation Was produced 
by mixing theſe precipitates with powdered charcoal, 
and applying heat to the mixture; and alſo, that the 
detonation, by means of ſulphur, was obſerved to be ſo 
much the ſtronger, as the precipitates weremoredeprive 


ed of their acid. Thus the precipitate from the ſolution 


of mercury in nitrous acid, by means of volatile alkali, 
detonated very weakly, till it had been previouſly de: 
prived of much of its adhering acid by calcination : 
and no detonation was produced by the precipitate 
which had been made by adding volatile alkali to a ſo- 

lution of corroſive ſublimate in water; for it appeared, 

upon expoſing this precipitate to a ſubliming heat, that 
the whole of it was in the ſtate of ſweet mercury, and 


that conſequently much acid adhered to it. 


121 The 


5 On fulminating Gaſes. 87 
"BY, The detonation of nitrous and other fulminar- 
ing powders, is an effect too ſtriking not to have en- 
gaged the attention of philoſophers. Stabl maintains 
that the water of the nitre is converted into air. Mr. 
Macquer very ingeniouſly conjectures that, in the ope- 
ration, a nitrous ſulphur is formed, which inflames at 
the inſtant of its formation. See the article, Detona- 
tion of Nitre, of the Dictionary of Chemiſtry. 

Dr. Black is of opinion, that the fulminating gold 
derives its detonating property from ſome gas which 
adheres to it, and which it had received from the al- 
kaline precipitant uſed in the operation. However 
this explanation may be applicable to the fulminating 
gold, it cannot be applied to explain the fulmination 
of the mercurial precipitates of Mr. Bayen; for ſome of 
theſe were precipitated by cauſtic alkalies, and by lime- 
water. Mr. Bayen thinks that the fulmination of theſe 
precipitates is the conſequence of a commotion. excited 
between the mercury and the ſulphur at the inſtant of 
the combination taking place, by which cinnabar is 
formed. And this opinion is confirmed by the heat, 
and even ſpontaneous inflammation which happens 
when ſulphur and crude mercury combine together. 
Whatever be the cauſe which excites ſuch commo- 
tions, the detonation itſelf conſiſts in the ſudden con- 
cuſſion which the air receives from the inſtantaneous 
production of an elaſtic fluid expanding itſelf with great 
violence. In the notes to the firſt Englifh edition of 
the Dictionary of Chemiſtry I ſuggeſted, at the article 


Fixable Air, that the elaſtic fluid produced in the deto= /* 


nation of nitre was formed from the nitrous acid proba- 
bly combined with the inflammable principle, and that 
theſe are converted into the ſtate of gas by the violence of 
the action of this acid and of the inflammable matter 

. G 4 Ke on 


88 On fulminating Gaſes, 
on each other. This opinion of the cenver/ion of nitrous 
acid into gas, by the detonation of uitre, has been ſince 
_ . confirmed and eſtabliſhed by late experiments, which 
ſhew firſt, that the gas thereby produced is principally 
that which we have deſcribed under the name of nitrous 
- gas; and ſecondly, that this nitrous gas is the nitrous 
acid in the ſtate. of gas, probably combined with in- 
flammable matter, and is again convertible into tho 
liquid nitrous, acid, by being mixed with air; 
The detonation likewiſe of Mr, Bayer's mercurial 
precipitates is occaſioned by the production of an 
elaſtic fluid.z and Ithink that this fluid alſo proceeds 
from the converſion of ſome adhering portion af the 
acid, in which the mercury had been diſſolved, inta 
the fate of gas, (together probably with ſome of the 
phlogiſton of the metal or ſulphur) by means of the 
violent heat and motion excited between the mercury 
and the ſulphur in the act of combination, while the 
mercury is forced from its union with the adhering acid, 
For it appears, both from Mr. Bayen's experiments, 
and-from the analogy of other precipitations, that 
ſome acid always adheres to the precipitate ; and pro- 
bably alſo ſome. of the alkaline or earthy precipitant, 
It is true indeed, that when much acid adheres, the 
fulmination does not happen, as Mr. Bayen remarks, 
The reaſon of which may be, that the combination 
between the mercury and ſulphur is by this abundant 


acid fo prevented or retarded, that the heat and mo- 


tion requiſite to effect the converſion of acid into gas 
are not produced. | 
It appears further, from Mr. fs 8 experiments, 
that not only the nitrous acid but alſo the marine acid is 
capable of detonation, and, according to the above con- 
vr, 6 of being converted TTW 
hg . 
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CHAP. XVI. 


us and S Speculations concerning the T beory of 
| Gaſes. 
'E dall ſee the ſame 3 aſſume very 


124. 
| different appearances or ſtates, under dif- 


ferent circumſtances; and of ſuch changes, no in- 
ſtances can be adduced. more curious and ſurprizing 
than thoſe which we have deſcribed concerning the 


formation of the various kinds of permanently elaſtic 


_ fluids. We have ſeen that ſolid, hard, and denſe 


bodies loſe at once their coheſion, acquire a repelling 
force, and ſuddenly expand into a ſpace many hun- 


| fred or thouſand times greater than that which they 
before occupied forming rare, inviſible, elaſtic fluids, . 


We have alſo ſeen that the moſt expanſive fluids can 
be again reſtored to a concrete ſtate, and may conduce 


x to the formation of yery hard and ſolid bodies. 


To explain theſe changes, exceeds, I fear, the limits 


of cut prefent phyſical knowledge. Conjectures how- 
ever may be admitted; which, as they are not intended 
. fo decide, do not eſtabliſh or confirm errors, but may 
be uſeful, by ſuggeſting certain queſtions to be aſcer- 
tained by future experiments. With this view then 
only we proceed to the following ſpeculations. 


125. Many well known facts ſhew, that matter is 


endowed with two contrary qualities, an attractive and 
a repulſive power, of which ſometimes one, and ſome- 
times the other exerts itſelf in different circumſtances. 
Natural philoſophers have obſerved, that the parti- 


cles of bodies attract each other within certain diſ- 


tances; and that, when they are placed beyond the 
ſphere of each other's attraction, they begin to exert a 


N Power. In order thereſory's to o change a co- 
e 


90 8 Conjeftures and Speculations concerning 
hering concrete body into a repelling fluid or gas, is 
it not ſufficient that the particles of that body be re- 
moved to a diſtance from each other, greater than the 
ſphere of their attraction, that their repulſive force 
may begin to act +? e {1 , 
May not beat, which is known to expand all bo- 
dies, remove their particles to ſuch diſtances from 
each other, that their attraction ſhall ceaſe, and 
their repulſion commence? And is not this the mode 
of action by which heat raiſes water, mereury, and 
other volatile bodies, into elaſtic vapours; ſome of 
which by cold are again brought within the ſphere of 
each other's attraction, and are condenſed; while 


others, poſſeſſed of a ſtronger repulſive power, remain 


in an expanded ſlate, forming ſome of the feinen | 
elaſtic fluids, called gaſes. | 
126. May not alſo a violent motion or quick vibration, : 


excited pon: the minure particles of bodies, „ occa- 
(1-325, ion 

4 Thus G Sir Jane Newton ſays, (Optics, ner, 31.) 4 As in 
00 algebra, where affirmative quantities vaniſh and ceaſe, there 
1 negative ones begin ; ; ſo in mechanics, where attraction ceaſes, 
there a repulſive virtue ought to ſucceed. And that there is ſuch 
« avirtue, ſeems to follow from the refleftions and inflections of the 
* rays of light. For the rays are expelled by bodies in both 
© theſe caſes, without the immediate contact of the reflecting or 
_ © ineffecting body. It ſeems alſo to follow from the emiſſion of 
« light ; the ray ſo ſoon as it is ſhaken off from a ſhining body by 
« the vibrating motion of the parts of the body, and gets beyond 
« the reach of attraction, being driven away with exceeding great 
4% yelocity. For that force, which is ſufficient to turn it back in 
reflection, may be ſufficient.to emit it. It ſeems alſo to follow from 
„the production of air and vapour. The particles when they are 
BG ſhaken off from bodies by heat, or fermentation, ſa ſoon as they 
4 are beyond the reach of the attraction of the body, receding. 
C from it, and alſo from one another with great firength, ad 
6« keeping at 2 diſtance, ſo-as ſometimes to take up above a mil- 
lion of times more ſpace than Ne did before i in the form of a 

denſe body.“ 


"the Theory of Gaſes. „„ 


fion a fimilar ſeparation of theſe particles, and a con- 
ſequent change from a concrete to a repelling ſtate ? 


Thus the particles of fire and light are ſuppoſed by 


Sir Iſaac Nggoton to be thrown off from ignited or lu- 

minous bodies, by the motion and vibration of their 
parts. May not alſo the violent inteſtine motion ex- 
cited in the particles of bodies, during their decompo/i- 
tion and ſolution by menſtruums, as of metals by acids ; 
and alſo of bodies undergoing the vinous, putrefactive, 
or other fermentations, produce in the fame manner the 
gaſes which are known to be formed in theſe ſeveral 


operations? For when any two united particles are 


torn aſunder, by the ſuperior attraction or affinity of 
à menſtruum, or ſolvent, muſt they not, at the inſtant 
of ſeparation, recede from each other with a force 


equal to that with which their disjunction was re- 
ſiſted; in the ſame manner, as the twa parts of a cord, 
ſtretched till it breaks, recoil tawards the oppoſite | 


points of tenſion ? And the effects of the violent ſepa- 
_ rations of the particles of bodies, which occur in che- 
mical decompoſitions, ſolutions, and fermentations, 
will appear very great, when we conſider the minute- 


xeſs af the particles engaged in theſe operations, and 
how much the activity, or force of the attraction and 
repulfion of bodies, depends on the minuteneſs of their 
ſize, For it is known, that the attraction of any two 


bodies to each other, encreaſes as the diſtance between 


them decreaſes, in ſome high ratio; and as the diſ- 
rance at which all the particles of any body can ex- 
ert their attractive power upon any other contiguous | 


body, may be ſuppoſed equal to the ſemi-diameter of 


the attracting body; therefore the particles of large 
bodies muſt exert that power at a greater diſtance than £3 
_ thoſe of ſmaller bodies, and qu y the attrac-. 


| tive 
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tive force of large bodies muſt be leſs than that of 
ſmaller bodies, ee to the quantity of matter 
contained in each. 
127. Some bodies are more diſpoſed than Rh to 
be changed from a concrete to an elaſtic ſtate. Thoſe 
. which cohere with leaſt force, will moſt eaſily have 
their particles thrown out of the ſphere of each other's 
attraction. And this ſeems to be the caſe with all 
thoſe bodies which are called volatile, as water, ſpiri it 
of wine, and ether. And is not even the evaporation. 
of cold water, a and of ſome other volatile liquids, eſ- 
pecially in vacuo, occaſioned by ſome of the particles, 
at the ſurfaces of theſe liquids, where they are not 
compreſſed by other particles, being thrown by the 
agitation, which generally prevails in fluid bodies, to 
ſuch diſtances, that their repulſive force can begin ta. 
exert itſelf? ??? | 
_ Thoſe bodies which are eafily 3 to an velaſtie 
ſtate, are alſo eaſily reducible to their former ſtate, and 
are generally condenſable by cold into bodies of the 
ſame ſpecies, as they were of before their volatilization, 
For, as their coheſive power is weak, ſo alſo is their 
repulſive. power; and therefore cold, which approxi- 
mates the particles of bodies, is capable of bringing 
them again within the ſphere of each other's attraction. 
But bodies, on the other hand, whoſe parts cohere 
roiigly; and which, therefore, cannot be disjoined 
without violent efforts, ſuch as thoſe which produce 
the ſolution and decompoſition of bodies, whether by. 
heat... 


* Wo alot hows attributed the riſe of 8 and 

of vapours to the diſſolving power of air, exerted upon the moiſ- 
ture on the ſurface of the earth, But although, this cauſe may con- NS 
cur, it does not ſolely or principally produce this effect; for water =! 
is known to * m . in *, but alſo in vacu. 0 
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heat, by acid menſtruums, or by fermentations, form 


elaſtic fluids, whoſe repulfive power is ſtronger, and 


which cannot be condenſed merely by cold. The vi- 
olence of the effort employed in theſe operations, ap- 
pPears from the heat with which they are accompanied. 


From ſuch bodies, therefore, are chiefly formed the 


uncondenſable fluids, called Gaſes +. 


128. Of all the concrete bodies which we know, 


none poſſeſſes ſo ſtrong and general an attractive power 


as acids do; for they are known to unite and com- 
bine with water, oils, earths, and metals. Nor do per- 
haps any bodies reſiſt their action, excepting thoſe 
compounds which are already ſaturated with acid, as 


fulphur is. When we conſider the great activity of 
acids, and alſo how much the activity of bodies de- 
pends on the minuteneſs of their particles, does it not 
ſeem probable, that the particles of acids gre very mi- 
nute, and that to this minuteneſs of ſize, theſe bodies 
ce their ſtrong attractive diſſolving power? 


129. There is another body which never appears to 


| ; us in a concrete ſtate, unleſs when combined with 
other ſubſtances, but which ſeems ſtrongly diſpoſed 
a to | unite: ain: every other claſs of bodies, excepting, 


perhaps, 


;.4 * The particles. of fluids which 1 not cohere too Rrongly, | 


« and are of ſuch a ſmallneſs as renders them moſt ſuſceptible of 


| e theſe agitations which keep liquors in a fluor,are moſt eaſily ſe- _ 
parated and rarefied into vapour, and in the language of chemiſts 


are volatile, rarefying with an eaſy heat, and condenfing with 


without a ſtronger heat, or perhaps not without fermentation. 


4 Andtheſe laſt are the bodies which the chemiſts call fixed, and 
being rarefitd by fermentation, become true permanent air. 


«© Thoſe particles receding from one another with the greateſt force, 


and being moſt difficultly brought together, which upon contact 


* cohere moſt ſtrongly.” Newton's Optics, Quer. 31. 1 


* cold. But thoſe which are groſfer, and ſo leſs ſuſceptible of agi- 
tation, or cohere by a ſtronger attraction, are not ſeparated. 
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perhaps, water, with which it does not ſeem to be 
capable of combining, but by the intervention of 
acids. This is the matter of light; thoſe minute par- 
ticles which have been repelled from the ſurface of 


the ſun, and other ignited bodies; and are abſorbed 
and combined with acids, and earths, forming the 'va- 


tious combuſtible - matters, n Ws and 
mineral“. 

Theſe matters it endows with the ptoperty of in- 
flammability, and hence it is called by chemilia, 
Phlogiſtott. | 

Now the amazing, tenulty of the matter of light is 
well known; and from this property perhaps ariſes its 
extreme ſuſceptibility of that motton on which heat 


depends, and the violence with which it combines | 


with thoſe ſubſtances which it molt ſtrongly attracts. 
From this ſuſceptibility of motion, muſt not the par- 
ticles of the matter of light be peculiarly diſpoſed 


to be agitated and thrown from the ſphere of each . 
other's attraction, and to exert the repulſive-faculty ? 


Accordingly, not only light itſelf poſſeſſes eminently 
_ this repulſive faculty, but alſo the ſubſtances. with 


which this matter is combined are thereby rendered 


more volatile, as e chemical facts demon- 
Nr Ares . 

As therefore the matter of light is + frongly ai poſed 
to become volatile, and to exert its repellent force j 
and as it iniparts more or leſs of this property to the 
various ſubſtances with which it is capable of combin- 


ing, it ſeems particularly W to form elaſtie 


ſluids. 


* Are not 4 wah "PR and 15 | tobe nn into one another, ä 


< and may not bodies receive much of their activity from the par- 


A riclesof light which enter their ir compoſition I” Newton's Optics 
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tze Theory of Gaſes. 
nuids. Accordingly, it may be doubted whether, in 
each of the above-deſcribed gaſes, ſome portion of 


phlogiſton does not enter, But ſcarcely any ſubſtance 
is ſo much diſpoſed to unite with phlogiſton as acids 


are; and as theſe are endowed with ſo ſtrong an at- 


tractive power, they are probably - poſſeſſed of an 


equally ſtrong repellent power, when: they happen 


to be thrown into an elaſtic ſtate, and conſequently 


are very capable of being converted together with 
phlogiſton into permanent gaſes. Accordingly we 


ſhall find, upon examination of the preceding hiſtory. 
of theſe fluids, that in the formation of moſt of them, 
an acid and phlogiſton enter into the ls of 


the ſubſtances employed. | 
. Phlogiſton is alſo much diſpoſed to unite with al- 
U and other earths, eſpecially thoſe that are me- 


tallic. And accordingly, among the fluids above de- 


fcribed, a few will be found which ſeem to conſiſt 
principally, if not ſolely, of phlogiſton and fome 


portion of earth. 


As water is powerfully attracted by acids, and 18 


. Itfelf diſpoſed to aſſume an elaftic ftate, (though not 


permanent) 1t may alſo enter into the compoſition of 


theſe fluids, and thus acquire, by means of the other 


component parts,. a permanent elaſticity. 


- 130. From theſe ſubſtances, then, phlogiſton, and 
acids, together with ſome portion of earth or of water, 


may not the ſeveral gaſes deſcribed in the preceding 


pages be compounded 2 To enable us to reſolve this 


queſtion, let us take a ſurvey of theſe fluids: but it 
may be proper previouſly to. obviate an objection 


which will readily occur, viz. that ſo many fluids, ſo 


different in their properties, ſhould conſiſt of ſo few 


and the ſame cy. ; vi 
| Firh, 
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Firſt, it may be remarked, that a great variety of 


compounds might ariſe fron the difference of the 
kinds of acids and of earths employed in the proceſſes 
for producing gaſes. Thus by the ſame proceſs, by 


varying the acid, may be produced, marine acid Sas, | 


vitriolic acid gas, or nitrous acid gas. 


Secondly, this variety may, and does principally „ 
proceed from the diverſity in the node of combination. 


For if any two bodies, A and B, are capable of unit- 
ing and combining together chemically, there are 


two modes in which they can combine; the one in 
which A predominates, and the other in which B pre- 


dominates. Thus air unites with, and diſſolves a cer- 
tain portion of water, (ſee F. 8.) and thus a compound 
is farmed, in which air predominates. But water is 


alſo known to diſſolve a certain portion of air, (ſee F. 9. 5 | 
and a compound is thus formed, in which water pre- 


dominates. Thus alſo ether diſſolves a certain deter= 
minate proportion of water, forming a compound in 
which the ether predominates; and water diſſolves a 


certain determinate proportion of ether, forming a 
compound in which the water predominates. Accord- 
_ ingly, if more water be added to any quantity of ether, 
than this quantity of ether can diſſolve, (but not ſo 


much as to be able to form the whole ether into the 
compound in which water predominates) two diſtinct 
compounds will be formed, one floating upon the 
other,” in one of which the ether predominates, and 
in the other the water predominates; and there will 
not be beſides any other compound of mixture con- 


fiſting of other proportions of theſe liquids.” Thus 


too quicklime and water combine in two different 


modes, forming /laked lime, and lime-water; in the 


former of which the ey and in the latter the water; 
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predominates. All ſaline ſubſtanees unite with water, 
either in a ſolid cryſtallized ſtate, or in the ſtate of a 
ſolution; in the former caſe, the ſaline ſubſtance, and 
in the latter, the water, being predominant. The two 


modes in which vitriolic acid and mercury combine, 


appear in the vitriol of mercury and in turbith mineral; 
in the former of which compounds the acid, and in 
the latter, the mercury predominates. The double 
mode of combination frequently appears in metallic 
allays, in which, although the component parts are 
diffuſed through each other in different proportions by 
violent heat, yet, when they are kept long in fuſion 


with the leaſt requiſite heat, the precipitations and ſe- 
parations which take place, indicate the diſpoſition to 


form differently proportioned compounds. Many 
more inſtances might be adduced to ſhew the different 
modes in which bodies that have a chemical affinity 


to each other are capable of combining: and indeed 
fo many inftances occut, that I am inclined to 


believe that it may be conſidered as a general rule, 
and a rule of the firſt importance; in the om 
of chemical phenomena, | | 

When a greater numbet of elements or cortpotient 
parts than two unite together in the formation of a 


compound, they are capable of more modes of a 
bination. Thus the number of modes in which three 


bodies may be combined is fix, | if every combination 
that is arithmetically poflible could be formed into a. 


chemical compound: Four elements might be com- 


bined in 24 different modes; five elements in 120 
different modes, and ſo on. Now although aur ex- 
perience does not lead us to believe that every com- 


bination among three or more bodies, chemically 


related to each other, which is W N 
1 i „„ 8 N - | Can 


g 98 Cojedures and Speculations concerning 


can actually take place in the forming of com: 
pounds; yet, from the analogy of the two modes of 7 
combination which two elements, thus chemically * 
related to each other, are capable of, as we have 
above explained, and alfo from the inſtances that are 
* known of the various modes of combination, i in which 
2 three © or more elements are formed into different com- 
| Pounds, we cannot doubt that the number of modes 1 
does frequently encreaſe with the number of compo- 1 
1 nent Parts, although r not i in the full arithmetical extent. | 
"How much. the properties of compounds, conſiſting | 
of. the fame component parts, are affected by the diffe- 
rent modes of combination, that is, how different they 
are, is too obvious to require any proof or illuſtration. 
e 31. We now proceed to examine the conſtitution ü 
of the feral permanently elaſtic fluids Geſcribed in 


Sn 


; - 
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Qs e 1043 0 Acid Gaſes. „„ FE 
1 e eee that the Veli, nitrous: «as 
: ants may, when united with any inflammable 
nnitatsibe converted by heat into thoſe gaſes which 
we have called acid, becauſe they ſeem to retain their 
acid qropenies, of ang upon the metallic, alkaline, 
and otlier ſubſtances,” with which they combine when 
ana liquid late; and alſo, of uniting readily with 
water, by which they are reduced to their original 
Rate of liquid acid. As theſe fluids are not con- 
demſable by the cold of the atmoſphere, they have 
been conſideredsas gaſes z but from their eaſy reducti- 
on to their former concrete ſhare, and from their retain- 
| ing 


„ 


ES the Theory of Gaſes. EN 
ing their acid properties while in their expanded ſtate, 
they ſer to be of the more imperfect kind of thoſe flu- 
ids. It may be obſerved, that theſe gaſes are not formed 
by any violent action, inceffloe motion, or decompoſition 
of bodies; but that they are raiſed merely, as vapours 

are, by moderate heat. Do not then theſe gaſes conſiſt 
* acids volitilized by means of water and phlogiſton ? 
1 Does not the acid | patt greatly predomitiate over the 
5 pblogiſtic 1 in their compoſition ; and is not the phlo- 
gillon in a very imperfect. ſtate of combination with 
5 | the acid, becauſe this acid i is united With much water, 
| and becauls « water does not eafily combine With phlo- 
giſton? And do not the acid properties of theſe gaſes 
EB depend on this impetfect combination with phlogiſton, 
3 And on the e of acid in ere eompofition -d 
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. he 3. . The Ste vapour raiſed by heat from 55225 
| alkali was. found to be not condetifable by the cold of "6 
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F vapours, chat if upon further examination they 

be found not condenſable by any cold which we can 

f to. hems wm. be therefore properly compre- : 

: MES 7 3 | ' hended 

| ha he {AA 1 gas contains the fame elements a as ſulphur 

des Ts from a fine experiment of Dr. Prigfttey, an account bf 

Whieh will Prübhbly begi ven in his fourth volumd of 'Expetimentsand . 

Odbſervatiogs,veow: preparing fon the preſs, but & hich he has been 

| ;Pleaſedſto allow me to mention here. He expoſed ſome. water im- 5 

pregn ated. with, vittiolic acid 1 28 to a long-cont tinued heat, 1 in a/glaſs. 

ER bermetitally fealed * after which, he ob erved that the infide -» 
of he uppet part of the tübe was coared with White cry ſtallzzarions, 
that were found upon extimination'to be. perfe& /ulpbut.. In this ex- 

ptiimabi! the adheſion of the principles of the gas ſeems io barg been $ 


fo, weakened by;the water, that 855 herr of them ſeparated a and . 
this new Com pounds 
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100 Conjectures and Speculations concerning 
{1} Hended under the definition of gas given in chap. J. 
FFI they muſt be allowed to be of the moſt imperfect kind 
SY: of permanently elaſtic fluids. For neither the acid nor 
A alkaline elaſtic fluids can be conſidered as compounds 
. <4 formed, during their expanſion into an elaſtic ſtate, 
+} + fromdecompoſed and violently ſeparated parts; but as 
+ '. merely the disjoined parts of the bodies, from which  *' 
|| they are. raiſed, retaining, while ! in their elaſtic ſtate. 
Bt the properties of theſe bodies; and capable of being 
5 : reduced, when condenſed by water, into concretes, or 
| 1 | bodies ſimilar to thoſe from which they were formed. 
43 Rn Of Inflammale- Gaſes. _ 
FEY 1 34. We _ ſeen that inflammable gaſes are red 
FEE from the vitriolic or marine acids acting on iron, zinc, 
ort tin; from marine acid gas acting upon theſe me- | 
28 tals, or upon almoſt, any inflammable ſubſtance; from 
| $4 5 many inflammable compounds, by means of heat, as 
is I; | from coals, vegetable and animal ſubſtances, during 
EYE - the decompoſition of theſe compounds; and from ani- 
45 mal or vegetable matters undergoing the purtefaQive 
£1, | fermentation. 2 | 
In the abovementioned different kinds of Whats | 
* bie gas, we may perceive that acids and inflammable 
2M matter are the principal ingredients, not only in the 
0 metallic ſolutions, in which the acid unites with the 
A - phlogiſton of the metals, but alſo in the vegetable 
L 4 and animal matters, by the analyſis, or by the putre- 
BY: faction of which, inflammable gaſes are produced. 
RY: 1 For in theſe matters, the vegetable and animal acids 
"of *abound; and from their inflammability, it appears 
4 that the acids are combined with phlogiſton. The 
. converſion. of the marine acid gas into inflammable 
4 * by the action of that acid fluid on phlogiſtic 
| 8 ſufficiently ſhews that an n acid enters into 
4 "the 
. S lj 5 
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the compoſition of this inflammable gas. The in- 
flammability alſo of the diſengaged gas of hepar of 


ſulphur can ſcarcely be ſuppoſed to ariſe from any 
other matter than phlogiſton and acid. 
Other kinds of inflammable gas have been deſcrib- 


ed, in the production of which no acid is employed; 
ſuch are the gaſes formed from metals merely by heat, 

or, by means of alkalies. Theſe inflammable gaſes 

ſeem to conſiſt of the ſame component parts as the 


metals themſelves, that is, of phlogiſton and earth 
in different proportions. In metals the earth predo- 
minates, but in this inflammable gas, the phlogiſton 
predominates. And that the phlogiſton in theſe in- 


flammable gaſes | is not pure and uncombined, may be 


inferred from its not being ſeized upon by the air as 


ſoon as they come into contact with this fluid; where- 
as heat, and even ignition, is neceſſary for the de- 


compoſition of theſe, as of other inflammable com- 
pounds. Are not all the inflammable bodies that we 
know, whether in a concrete or expanded ftate, com- 
pounds of phlogiſton, united either with acids, or 
with earths; with this difference only, that the in- 
flammable concretes, ſuch as ſulphur, oils, bituwens, 


and metals, are compounds in which the acid, or earth 
predominates over the A and the inflamma- | 
ble gaſes are compoun 


s in which the phlogiſton pre- 
dominates over the acid ar carth, 

We have remarked, (9. 127.) that the moſt perfect 
gaſes are formed by a violent ſeparation of parts. 


Now, in all the modes of forming inflammable gas, 


the ſubſtances are diſſolved or decompoſed, and their 
parts violently torn aſunder. The inflammability alſo 
of this gas is greater, when the heat is ſuddenly 
"polled, or when the ſolution proceeds with violence. 
„ | al | 
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And accordingly, the properties of this gas indicate it 


to be of the moſt perfect kind; for, it is the rareſt, 


and the moſt immiſcible with water, of any Known 
gaſes. Theſe properties probably proceed from the 
YE phlogiſton which ſeems to abound in this gas, 
Iron, zinc, and tin, are the metals from which in- 
- flammable gaſes are moſt eaſily produced: and the 
reaſon ſeems to be, that thefe metals, when diſſolved : 
by acids, do moſt eaſily part 8 their phlogiſton, a5 2} 
chemiſts have often obſerved. 


FE Nitrous. 1 — 5 | | 
13 55 We To ; that inflammable gaſes have 


been formed: by. means of the vitriolic, the marine, 


the vegetable, and the animal acids. But no method 


has been yet diſcovered of making a perfect inflam- 
mable gas, by means of the nitrous acid; although 


we have ſeen ſome approaches towards it, 6. 86. * Ne- 
vertheleſs, the nitrous gas, deſcribed. in chap. V. ſeems 


to be ſomewhat analogous in its compoſition to in- 


flammable gas. For it is formed from an acid acting 
upon metallic and phlogiſtic ſubllances; and the 
combination | of phlogiſton with the acid ſeems to be 
{0 MOU, 1 ir ſuppreſſes, the. pecyliar qualities of 


8 - 
* Since the A was ſent to * pre Dr. Prigt ay hay been ſo 
465 obliging as to communicate a very curious experiment which he 


has lately made. He put a pot containing a mixture of iron: filings 
and ſulphur into à jar filled with nitrous. gas, and he obſerved, that 
after the gas had ſuffered the great diminution wentioneg 1 in §. 86. 


it encreaſed in bulk, and became Atong inflanmabl; gas. It retained i 


its properties of bitrous gay. till it was diminiſhed to lefs than one 


third. Then it admitted a candle to burn in it with an enlarged 


flame ; after which, it acquired the properties of phlogifticated air, 


and laſtly it became, as we haye ſaid, frongly inflammajile. Do no 

tis, and the many other extraordinary inſtances of converſion of 5 
ane gas into others, ſhew that they contain the ſame component 
parte 1 d e and combined ? 


1 
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the acid; for this gas does not act as an acid upon 


metals or other ſubſtances ; neither does it very rea- 


dily mix wich water, wichout the contact of air; and 


even when abſorbed by water, it does not communi- 
cate its acid qualities to the liquid, till the water has 
been expoſed to air, which decompoſes the gas, and 


5 diſengages its acid, as Mr. Bewley has well obſerved, 


The phlogiſton however, in this gas, 9 does not ſeem to 


be ſo perfectly combined, as it is in the inflammable 


gaſes, for the following reaſons; 1. This gas is mw: 
fiderably denſer, being as heavy as common air 1s * 


whereas inflammable gas is greatly lighter. 2. Ir 
mixes more readily with water than inflammable gas 


does. 3. It parts with its Phlogiſton more eafily; ; 
for, no ſooner does air come in contact with this ni- 
trous gas, than the phlogiſton ſeems to paſs from 


the latter to the former; and the acid thus deprived 
of the ſubſtance to which it owed its elaſtic ſtate, is 
changed into a liquid concrete, or ſpirit of nitre. 
Although therefore nitrous gas cannot be inflamed, 

it appears to undergo a proceſs ſimilar to that of in- 
flammation, namely, a ſeparation of its phlogiſton 
by means of air: and the difference ſeems to be, that 


the phlogiſton is ſo firmly combined in the inflam- 


mable gaſes, that it cannot be ſeparated from its acid 
: by the ſuperior attraction of the acid of the air, till 
its activity has been encreaſed by ignition ; whereas, 
it is ſo much leſs perfeRtly combined with the acid in 


the nitrous gas, that it is ſeparated immediately upon 


mixture with air. 


From theſe reaſons, I am inclined to think that a 


: portion of water enters into the compoſition of this 
. gas, 4 and e ſuch an 1 of 5 of 


2 Brennen and Obſerratins, vol. ; . 18. | 
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the acid with the phlogiſton, as takes place in inflam- 
mable gaſes. And that water enters into the compo- 
fition of this gas, is further rendered probable, from 
the copious production of nitrous gas, when the ee 
acid vapour acts upon water. See Chap. VIII. $. 99. 
If this conjecture be juſt, the nitrous gas . 
to be in an intermediate ſtate between che acid ang 
the n gaſes. 
| Of Calcareous Get, y 
236, All thoſe gaſes which occaſion a precipitation 
ml ime-water, have been generally comprehended un- 
der one claſs, arid diſtinguiſhed by the name of Fixed 
Air. We Eu ſcen that they are produced trom many 
different materials: 1. From calcareous, and from 
alkaline ſubſtances, by acids, or by fire: 2. From 
the combuſtion of any animal or vegetable matters, 
or from their es by hear, or by concen- 
trated acids: 3. From animal and vegetable matters 
undergoing. the vinous and other fermentations ; 
4: From metallic calxes by reduction, and ſometimes 
merely by heat, as from minipm : 5. From ſonie 
metallic and ther falts, as green vitriol, by fire; 
6. From air decompoſed by electricity; 7. From the 
deflagration of nitre, and in the various proceſſes in 
which the nitrous acid is uſed to produce gaſes : . 
8. From ſubterranean pits and caverns: 9. From mi- 
neral waters; and probably, they ay be obtained 
en many other ſubſtances, YE 
Perhaps, in all theſe gaſes, the ſame mode of 
1 combination prevails, although the acids which 
| bk enter into their compoſition be different, From the 
=_ -- above enumeration of the various modes of pro- 
= duttion, almoſt any acid ſeems capable of aſſuming 
TW Fa N N. the BPH 1 vegetable acids ap- 
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pear to be peculiarly diſpoſed to form this gas. For, 
we find from the experiments of Dr. Hales, that a very 
large proportion of the vegetable eſſential falts, as 
tartar, were converted into a gas of this kind; when 
theſe ſaline ſubſtances were decompoſed by fire, In 
this operation, the acid diſappears, and a gas is pro- 


duced, For no gas exiſts in'the tartar, or other ve- 


getable body, till it be decompoſed ; the gas being 2 
peculiar compound formed, during the decompoſition 


of the vegetable matters, by fire, or by fermentation, 
Thus when tartar is united with fixed alkali, as in 
making Rochelle ſalt, the alkali, if cauſtic, is not 


rendered mild; and, on the contrary, if mild, its gas 25 
will be expelled by the tartar, as it would by any other 
acid. But, if this compound of tartar and cauſtic al- 


Fali, in which ho gas exiſts, be burnt, the alkali re- 


maining will be mild and efferveſcent; for the acid 
of the tartar being decompoſed by the fire, and formed 
into a gas, a part of it will unite with the alkaline re- 
ſiduum. And if /o2p, which conſiſts of cauſtic alkali 
and oil, be burnt, the alkali will be rendered mild, 
by the gas formed from the acid, which is known to 
be a conſtituent part of oil, Alſo, if nitre be defla- 
grated with any animal or vegetable matter, the alka- 
line baſis of the nitre, which is not united with gas 
while combined with the nitrous acid, will, after the 


5 deflagration, be found to be united with gas, that 


is, rendered mild; whereas, if nitre be deflagrated 
with zinc or tin, which metals contain no acid capa- 
ble of converſion into gas, the "has reſiduum will 


be cauſtic, reap NN 


+ The production of a mild alkali by deflagration at nitre with | 


Charcoal, and of a cauſtic alkali by deflagratign of nitre with fil- | 
ings of zinc, or of i iron, has been alſo noticed by Mr. Bewley. 
» Appendix to Dr. Prieflley's a wol. of 2 85 and Olfery. 2 387+ | 
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The exiſtence of an acid, as a principal conſtituent, 
and even as the predominant part of this gas, is indi- 
cated by ſeveral of its properties. For it acts upon, 
and diſſolves ſeveral earthy and metallic ſubſtances; 
it unites with alkalies and calcareous earths, and it 
effects their eryſtallization, as other acids do; it may 
be diſengaged from theſe alkaline ſubſtances by ſtrong-. 
er acids; it. has been found to change the blue colour 


of the juices of turnſole, of litmus, and of cyanus, to 
red; and it * an acid taſte to the water Which : 


The acid quality, FLIES ofthis g gas „ is s very 93 
being probably counteracted by the other principles, 


as earth, or phlogiſton, which in many inſtances are 
| Thom to leſſen or Perry, the adtivity 0 of acids Tha Vo 


185 i Of Air. 8 3 

1 Mey o al th hs omits, air being of the . im- 
GG to us, has been moſt attentively examined by 
-philoſophers ; a knowledge, however, of its conſtitu- 


tion, and of the mode of operation, by which its ſingu- 


lar effects are produced, has nevertheleſs eluded their 


inquiries. The exiſtence of an acid, and even of the 
mitrous acid in air, has indeed been ſuſpected, chiefly, 


denn _ ee of air ee . en of nitre, 
5 1257 11 5 and 
Dr. e 8 and be. wot 15 31. and Appendix to 


| ok II. by Mr. Bewley, + 


_ + Signor Funtana, in a * emed, „ F; F, 0 pre 
Au fia, attributes the acidity of the gas extracted from cal- 


5 careous ſubſtances by means of oil of vitriol, to the acid employed, 


which he thinks may be diſſolved in this gas, as water is diſſolved 
in air, ſo intimately, that neither water nor alkali can ſeparate this 


seid; and he thinks, that to this volatilized and combined yitriolic 


acid, the fixed air owes its medicinal qualities, the acid being thus 
rendered more'effitacious than in its proper uncombined ſtate. And 
alſo  Bignor Eon in his Ricerche AO interns alle * 

| | . delt 
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and 1 the analogous effects of nitre, and of air, in 
promoting inflanimation. But, no experiments have 
been ever adduced to give ſuch ſolidity to this conjee- 
ture, as thoſe of Dr. Prieſtley, which ſhew that a fluid 
reſembling air In all its known properties, and even 
poſſeſſing the peculiar properties of air in a much more 
eminent degree than the atmoſpherical air itſelf does, 
may be produced from nitrous aeid mixed with aloft 
uny unphlogiſticated canyon ens 

Nevertheleſs we cannot, with certainty, iwer that 
115 nitrous is the ſole acid capable of forming fluids 
poſſeſſed of the properties of air, and conſequently that 
the atmoſpherical fluid does certainly contain in its 
compofition ſome of that acid. For a very ſtrong re- 
femblance, between two eompounds, may ariſe from 

the ſimilarity of the combination, although a com- 
: Pont part of one compound may be of a different 
ſpecies from the analogous component part in the 
other compound. Thus we have ſeen, that inflam- 
mable gaſes ſimilar in their properties, ſo far as we 
have examined them, are formed from very different 
acids, the vitriolic, marine, and others; and we have 
alſo ſeen, that thoſe gaſes, which, from their ſimila- 
Fir of ts HR "ye been Wee as being of 
W eee 1; AG 
acl 41 MOST that the acidity of this gas proceods Ws the 
acid employ ed in the operation of extricating it, and that when 
this gas is mixed with vapour or volatile alkali, an ammoniacal 
ſalt will be formed, which will be found to be a vitriolic ammoniac, 
if the acid employed had been the vitriolic, and a deflagrating ni- 
trous ammoniac, if nitrous acid had been employed. Mr. Bewley, - 
in the Appendix to Dr. Prie/ley's ſecond volume of Experiments 
and Obſervations, very well defends the opinion of the intrinſig 
acidity of this gas, and ſhews that the ſame indications of acidity 
are exhibited by gaſes extricated from volatile alkali and from 
peſiaz by heat, and without intervention of any foreign acid.” | 


ro Conjecturat and Speculations concerning 
the ſame kind, and comprehended under the ſame | 
name, fixedair,or calcareous gas, are ſimilar compounds, 
formed from very different ſubſtances, and probably 
containing in their compoſition very different acids. 
_ Theſe conſiderations prevented me, in the firſt Edition 
of this Treatiſe, from admitting the certainty of the ni- 
trous acid being a Receflary conſtituent part of the 
atmoſpherical fluid, although it was allowed that the 
production of one ſpecies of factitious air, by means 
of that acid, with various unphlogiſticated earths, 
was completely aſcertained by Dr. Prieſtley's experi- 
ments. The recent experiments that have been ſince 
made, and related in g. 31. ſhew that a pure air may 
be obtained by means alſo of the witriolic acid, and 
ſeem to leave no doubt, that fluids, poſſeſſing all the 


- known properties of the atmoſpherical fluid, may be 


produced from more than one acid, and from various 
kinds of earths*, . 

Whether the earths employ ed in the proceſſes for 
making factitious airs enter into the compoſition of 
air, and in what proportion, are queſtions which can- 
| Babb aſcertained by the experiments hitherto made 1 


An experiment is related by Mr. Macguer, which ſeems to a 
that the marine acid is poſſeſſed of that very property which has 
been thought peculiar to nitrous acid and to air, and from which 
the analogy of theſe two ſubſtances has been chiefly deduced ; 

namely, the property of maintaining combuſtion, 5 L introduced | 
(ſays that author) a lighted taper. into a receiver filled with 
_, #5 vapours of highly-concentrated marine acid, through a tubu- | 
__ lated aperture. The flame of this taper, which was, before con · 


. tracted, white and almoſt without ſmoke, now became long, 


5 40 pointed, yellow, and ſmoking, like the flame of burning tur- 
40 mice. But the moſt remarkable circumſtance uu, that the | 


4 4 


4 3 into the "Wis receiver filled wh pure air.“ 
9 Dr. 1 70 has made ſome ee to aſcertain the pro- 
| e 
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Tf theſe earths are capable of being converted into 
elaſtic fluids, the reſiſtance they make to this change 
renders it probable, that the fluids thus formed will be 
of the moſt perfect kind, and of the moſt permanent 
_ elaſticity. See 5. 127. The diſpoſition which earths have 
to unite with phlogiſton has been already noticed: but 
this tendency may exert itſelf much more powerfully, 
when it is not counteracted by the mutual coheſion 
of the particles to each other, by theſe being reduced 
to a fluid ſtate. Hence perhaps the fingular avidity with 
which a air 11 0 _ IPO in enn reſpi- 

| n 


portion af nitrous 1 and of earth coupled] in "he E air 
made from ſpirit of nitre and earth; but he does not conſider them 
to be decifive. The queſtion is important, but ſeems diffcult of 
ſolution. The Abe Fontana maintains, that this factitious air 
conſiſts of ſpirit of nitre only, without earth or phlogiſton; and 
he ſupports his opinion by the following experiments: He con- 
verted a given quantity of mercury into red precipitate; ; and he 
expelled from this preparation as much air as he could. Then he 
revived the mercury of the remaining precipitate, and found that 
the quantity obtained was equal to the quantity of mercury origi- 
nally employed. Dr. Priefley has repeated the experiment; and 
found that there was a loſs of about one eleventh part of the em- 
ployed mercury: and Mr. Magellan, repeating the ſame experi- 
ment, loſt about one third of the mercury. It appears then there 
muſt ha ve been ſome error in the Abbe's experiments; but the ex- 
periments of Dr..Priefiley, and of Mr. Magellau, ate not applied 
by theſe gentlemen to aſcertain the quantity of earth actually con - 
verted into air: neither do I think that they prove, that any earth 
enters into the compoſition of the air; for in all the productions 
of air by heat, from earthy ſubſtances, the riſing air elevates a 
- great deal of earth, and this earth renders the air turbid, gives the 
appearance of white clouds, and at laſt-ſubfides. Dr. Prieæv 
obſerves, that the air is tranſparent while hot, and becomes turbid 
when cold; which ſhews that ſome earth is diffolved in the air, 
and that cold air not being able to keep diſſolved ſo much entth as 
hot air, part of the earth that was eee . ait was 
oy is precipitated by cok 
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ration, mixture with nitrous gas, and in all the various 


N 


pblogiſticiproceſſes, might be attributed to the earthy 
part which is ſuppoſed to enter into the compoſition of 
air, if the ſtriking analogy between the effects of air 
andi of nitrous acid, in ſeveral af theſe inſtances, apd 
alſo the ready converſion of nitrous acid into factiti- 


ous air, did not give a greater degree of probability 


10 the opinion, that an acid is the predominant prin- 
eiple in the compoſition of this fluid. Perhaps acids, 
while they are converted into air, ſuffer. ſuch a change 
or de compoſition, as to be deprivedeof the ſpecifie 
Properties which diſtinguiſh the ſeveral kinds of acids 
from each other, while they retain only the general 


Character of acid; and thus the ſame' compound may 


E be produced. from, different acids. But of all the 
acids, the #itrous. ſeems to be the moſt cally epnxer- 


re ſtars' o . „ine 9007 bo abe 
e 211. ; 4 | 1 ij 138. Hom: 
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«the opietons which-T ow hos petal lows mo'of rhe 


| — gaſes conſiſt principally of acid and phlogiſton; that tbe 


fluid called calcareous | gut, or fixcd air, is of an acid nature; and 
that the nitrous and wegetable acids are convertible i into permanent- 
ly elaſtie-fluids, were ſuggeſted in the notes which I added to the 
fir ſt Engliſh edition of the Diclionary of | Chemiftry, publiſhed in 
1771. Thus at the article Fixablc Air are the following paſſages: 


_ -£© Have not the fluids; ſeparable from alkaline and metallic ſub- 


e flances, ſome analogy with acid? Like acids, they. readily 
. j with, and effect the eryflallization. of thoſe (alkaline) ſub- 
'* ſtances. As 2"weater acid is extricuted ſrom thoſe ſubſtances 


by a Aronger, ſo is this (fixable) air by all known acids. Are 


not the elaſtie fluids produced by the deagration of nitre 3; and 


by the combu/tion'or allalixation of tartar, and of other wegeta< 


46 zie acid ſalts, formed from the acid. of theſe ſubſtanees com- 


<< \ bined” with the infammable. principle 27 ———* A. permanently 


<<: elaſtic fluid or: fixable air is produced by deflagration of nitrous 
„ acid with any inflammable ſubſtance... In this operation the acid 


5 n a an elaſtic 8 18; theorem May we, not 
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138. However imperfe& our knowledge of the con · 
ſtitution of the atmoſphere may ſeem, the explanation 
of the ſingular properties of the air in maintaining 
fire and the reſpiration of animals, in diminiſhing ni- 
trous gas, in calcining metals, and in being diminiſh- 
ed by the various means already deſcribed, will be 
attended with no leſs difficulty and obſcurity. The 
way to truth, however, muſt be felt for, when it can- 
not be ſeen; and, W we r in our 
conjectures. | | 
We may perceive, that Anolt: all hy ddt | 
changes which happen to bodies, are the reſult of de- 
compoſitions, occafioned chiefly by the application of 
ſubſtances, whoſe attraction to ſome of the parts of 
theſe bodies is ſtronger than the attraction of the 
parts to each other. This general obſervation has 
been applied to explain the effects of air. It has been 
? ſuppoſed that air, or its acid, have a ſtronger attrac- 
tion to pe rope nn than ws other ſubſtances and cons 
e 8 te »ſequently, | 


0 ab Haſler, that the acid” is conpiieet* by combination with 
„ ſome other ſubſtance; probably with the inflammable. matter, or 
% by decompoſition of its own ſubſtance, into elaſtic vapour 2 
Hol. J. p. 96. And in a note to the article Mineral Waters, it is 
ſaid; $* Does not the folution of calcareous earths, by fixable air, 
716 confirm a conjecture « concerning the analogy of this vapour with 
« acids ?” Pol. II. p. 8 38. Since the publication of that work, 
this opiuion has been further confirmed by many of the new facts 
which have been diſcoyered; and the acid quality of the gas, 

called Fixed Air, has been noticed by other later writers. a Thus 
M. Bergman, as Dr. Prieſiley informs us, (Exper, and Obfervat. 
vol. J. p. 31.) is induced, from the effects of this gas on the colour 
of vegetable flowers, to confiter it as an acid, and to call it the 
Acrial Acid; And Mr. William Bewley has added an Appendix to 

Dr. Prieflley's- ſecond, volume, entitled, Experiments, and Ob- 
6 ſervations, tending to prove that Fixed Air Go the Vapour of a 

40 particular Acid.“ Mr. Bewley diſtingaimes this fluid by the 
name of Mephitic Ac id, ; 
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ſequently, that, where any inflammable ignited body 
is expoſed to air, the phlogNion leaves this. Haare and 
unites with the air. ' 
-The defiagration of nure is ao ee by. fup. 
| poling that the nitrous acid. poſſeſſes an attraction to 
- the phlogiſton of the inflammable ' body employed, 
ſuperior to the attraction of the parts of that body. 
And the ditonation of  fulminating gaſes ſeems to pro- 
ceed from the ſudden converſion of acid, together 
probably with ſome phage, into gas, as has been 
* ws ſuggeſted, 4. 123. 

Type calcination of metals is confidered by chemiſls 
as a flow combuſtion; and the air is ſuppoſed to ope- 
rate in the fame manner as.1n other. combuſtions. 

139. Various opinions have been formed concern- 

ing the mode of operation by which the re/piration of 

air is neceſſary to the life of breathing animals. See 
Hallers Phyjology, and Experiments and Obſervations, 
vol. III. p. 886. Of theſe opinions, that which ſeems 
moſt probable 1 is given by Dr. Prieſtley, namely, that 

38 reſpiration is a true phlogiſtic proceſs, in which the 
Will Phlogiſton, with which the animal ſyſtem abounds, i is 
11 diſcharged from the blood by the lungs, and com- 
Will bined with the reſpired air. And accordingly, the air 

Wl "which has been reſpired, is found to have ſuffered the 

dame changes which it does in other phlogiſtic pro- 
cCeeſles, that i is, its bulk is diminiſhed, it extinguiſbes 

1 flame, and it occaſions a precipitation in lime- water, 

| which ſhews that it contains ſome portion of calcare- 

= .ous. gas. He further confirms this opinion, by the 
remarkable changes which blood undergoes by ex- 
pPeoſure to air. Mr. Herſan had diſcovered that blood 
i received a florid colour from air during its paſſage 
=_ : Hyg, the, Ions See Mr. Hewſon's Experimental 
* f | r 
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Hurry into the Properties of Blood. M. Cygna had 


alſo ſhewn, that a florid colour could be given to the 
under black part of the coagulum of blood, by ex- 


poling this part to air; and that the upper ſurface of 
| blood was black in vacuo. Miſcell. Taurin. I. 73. 
Jo theſe obſervations Dr. Prieftley has added others 
equally important. He found that the change pro- 
| duced by air on the colour of blood, was not pre- 


vented by the interpoſition of a bladder, nor of the 
ſerum of blood; that blood was rendered florid in a 
more remarkable degree, by pure factitious air; that 
blood was rendered black by inflammable, nitrous, 


and calcareous gaſes, and alſo by phlogiſticated air; 


that by expoſing blood to air, this fluid was thereby 


phlogiſticated ; and that by expoſing blood to the . 


other gaſes, theſe ſuffered conſiderable changes, the 


bulk of the nitrous gus being thereby leflened, and its 


property of being condenſed by mixture with air be- 


5 ing conſiderably diminiſhed; the inflammable gas be- 


ing thereby made to approach ſo far to the ſtate of 


air, as to be capable of effecting a conſiderable dimi- 
nution of nitrous gas; and phlogifticated air being alſo 


rendered capable of producing ſome diminution of 
nitrvus gas. See Exper. and Obſerv. vol. TIT. p. 55, Sc. 
140. Dr. Prieſtley alſo confiders the effects of mixing 


nilrous gas with air as a Phlogiſtic proceſs, in which 


the air de prives the gas of its phlogiſton; and he ſup- 
poſes, that, in all thoſe inſtances where air is dimi- 
niſhed by liver of ſulphur and other phlogiſtic ſub- 
ſlances, the air attracts and combines with the phlo- 
giſton of theſe ſubſtances, and becomes Oy phlo-" 
| gijti cated. W < 
If it ſhould be aſked why the Phletz gon of inflate 
mable bethes cannot be ſeparated without heat, and 
: 1 even 


} 


x. es 


CREE 7 
. 5 
0 1 ee 
8 - Z ith * 
—— — w 
- 


* 
42 F - [ * R . 8 2 
? — Es hos. "1 — . ] . ˙ at 
- „ 


z 
” K 
+ * 
/ 


Tt 1 14 Conjectures and Speculations concerning 


* 


even ignition; whereas this phlogiſton may be ſe- 


parated from nitrous gas, from the blood in reſpira- 
tion, from liver of ſulphur, and other phlogiſtic bo- 


dies, merely by contact of air; may we not anſwer, 


| that, in the latter inſtances, the phlogiſton is but 


- Aighthy. attached, and eaſily ſeparated; whereas, in 
inflammable bodies, it is-ſo intimately combined, that 
it cannot be ſeparated, till the parts of theſe bodies 
have been thrown into violent agitation by heat, their 
cohefion diminiſhed, the volatility and activity of the 
pPhblogiſton encreaſed, and its combination with air 
thus facilitated ? And may not the intenſe heat, flame, 
and other effects of burning bodies, proceed from the 
_ agitation excited among their moſt active parts, from 
the violence with Which they are torn aſunder from 


each other, and from the rapidity with which the mi- 


nute and elaſtic particles of air and phlogiſton ruſh. 
into union? For, i in what does heat conſiſt, but in 
the exceedingly quick vibrations of the particles of 
burning bodies; or /ight, but in the extreme rapidity 


and force with which the moſt active particles are 
throvn from the ſurfaces of theſe bodies? 


If it ſhould be alked why air, or, at leaſt, why 
the factitious air, which is produced from nitrous acid, 

- ſhould take phlogiſton from nitrous gas, which is 
allo formed principally from that acid; may we 


not anſwer, that, although each of theſe fluids con- 


4 


tain, in their eompoſition, nitrous acid, yet they are 
. very different combinations ? For, if the nitrous gas 


; contain, as has been above conjectured, a confider- 


Wie portion of water in its compoſition, its attraction 
to phlogiſton will be thereby ſo weakened, that air 


may be able to deprive it of this effential part to its 


-. elaſtic tate; while the other parts in the compoſition 
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of this nitrous gas, the acid and the water, ſhall be con- 


denſed and reduced to the ſtate of liquid nitrous acid. 
M. Lavoiſier is of opinion, that nitrous acid is not 
7 en Tab part of air, but that air is a conſtituent 
part of nitrous acid, and that the nitrous acid, formed 
upon mixing nitrous gas with air, is compoſed of both 
theſe fluids united together, and therefore that the 
nitrous gas does not contain the nitrous acid, but only 
a ſubſtance proper to form it, by combining with air. 
Whence proceeds the heat that is obſerved upon 
| the mixture of nitrous gas with air ? May it nat be 
a neceſſary conſequence of the condenſation which. 
5 inſtantly happens upon the mixture of theſe two fluids? 
For, is it not an univerſal Tule, that cold is pro- 
duced by the expanſion of bodies into a rarer Rate ; 
and heat by their condenſation ? Hence the cold pro- 
duced during the evaporation. of fluids, and during 


the rarefaction of air, by means of the air pump; 5 


and hence the heat which is communicated by va- 
pours during their condenſation, which has been ob- 
ſerved to be much greater than can be communicated 
by an equal quantity of any concrete matter heated | 
to the ſame temperature. 8455 
Hence alſo the heat that is obſerved to Second ; 
Jess, which are nothing but condenſed vapours. Are 
not the other diminutions of air, and condenſations 
of _ 8 alſo accompanied an 15 v2: 


I 2 | 141. The . 


i Heat is 83 produced, while two e combine, 
and their combination is accompanied with condenſation. ; that js, 
when the new compound occupies leſs ſpace than its conſtituent | 
parts did before their union. But the combination. of cee dee 
with air is always accompanied with condenſation, as appears from. 
the diminution of the air in all pblogiſtic proceſſes. May not then 


| - the heat produced by the union of air with phlogiſton in the longs | 


of I during their N be one cauſe of animal beat? 


— 
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141. The alteration produced in air, by the pbligiſtie 


proceſſes, i is very remarkable. Air, by this phlogiſti- 


cation, ſeems to be converted into two diſtit ct com- 


pounds, phlogiſticated air, and calcareous gas, both 


Which are very different in their properties from air, 


"While the phlogiſton unites with that part of air to 


which it ſeems to be moſt diſpoſed, and forms with it 
the new compound pblogiſticated air; the other parts 
of air, leſs diſpoſed to unite with pblogiſton, are pre- 
cipitated, forming another compound, which, from 


its property of occafioning a precipitation in lime- 


water, appears to be the fluid deſcribed under the 


name of calcareous gas, We might- ſuſpect that this 
Jas proceeded from the burning body, or ſubſtances, | 


on which the air exerts its action, if we did not know 


that the ſame gas was produced when air is decom- 


er by electrical ſparks paſſing through it. 
Whether this gas be precipitated from air; or be 

MW compound formed from the decompoſed parts of 

the burning ſubſtance ; or, laſtly, whether ſome gas 


of this kind may not e from both theſe cauſes; 


we nevertheleſs can ſcarcely doubt that ſome part of 


the air 1s ſeparated, fixed and combined with the 
burning ſubſtance.” This opinion is confirmed by | 


the following experiment of M. Lavoifter. ', . 


He burnt ſome phoſphorus under. a bell, the inner 


| 1 of which was moiſtened with diſtilled water. 


The quantity of phoſphorus employed was 186 grains. | 
Of this quantity thirty-two grains remained uncon- 
ſumed, and therefore 154 grains were actually burnt. 
The vapours of the phoſphoric acid being condenſed 


| by means of the water, with which the bell was moiſt- 
ened, were collected and weighed i in a narrow-necked 
vel; by 2 8 means he 8 that 925 . of 
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ihe acid liquor exceeded the weight of an equal bulk 


of diſtilled water 2434 grains, which was 894 grains 
more than the quantity of phoſphorus conſumed, 


| Theſe 894 grains could not be water attracted by 
the phoſphoric acid, for the ſpecific gravity of the 


liquor could not have been thereby encreaſed ; and he 


therefore infers, that this acceſſion of matter muſt 


have proceeded from ſome part of the air abſorbed | 


during the combuſtion, 


In one inſtance however. of air being diminiſhed, 
no calcareous gas is precipitated, namely, the calci- 
nation of metals, which is conſidered as a combuſti- 


on. Dr. Prigſiq alledges ingeniouſly, that the gas is 


formed in this as in other inſtances, but is abſorbed 
by the calcining metal, and that this is the part of 


air, by the abſorption of which, metals acquire weight 


during their | calcination, This abſorption of gas 
would be rendered more probable, by the conſidera- 


tion that, during the reduction of metallic calxes, a 


quantity of this calcareous gas is obtained, if the ad - 
dition of inflammable matter neceſſary for ſuch re- 
duction did not leave ſome ſuſpicion, that this matter 


might poſſibly furniſh the gas thus produced. 


142. The weight gained by metals during their cal · 
eination, is a fact too extraordinary not to have em- 
ployed the ingenuity of Philoſophers in explaining 
its cauſe, Bayle and Lemery have attributed this en- 


creaſe of weight to the particles of fire or flame, which 


they ſuppoſed were abſorbed by metals during their 


calcination. Charas, a chemiſt cotemporary with 
Lemery, aſcribes this effect to the acid of the wood, or 


of the coal employed in the calcination. | 
M. Venel and M. Morveau maintain, that W en 


ereaſe of weight is not occaſioned by the addition of, 
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ay ſubſtance to the metallic matter, but by ee 
i this matter of its pblog iſton. For theſe philoſophers 
pretend, that phlogiſton is endowed with a power 
contrary to that of gravitation, namely, of receding 
from the center of the earth, and thereby of render- 
ing bodies, of which it makes a party lighter than | 
11 they otherwiſe would be. It is evident that a doc- „ 
we  trine attributing to this phlogiſton (a ſubſtance whick 
is not the object of any of our ſenſes) a property directly 
contrary to gravitation, which is an 4s Ha pro- 
perty of all thoſe ſubſtances that are the objects of 
dur ſenſes, requires to be ſupported by very deciſive | | 
experiments, and unequivocal arguments. 15 +: 
As the air is dimmiſhed by the calcination of metals, * 
while cheſe, at the ſame time, gain an acceſſion of | 
weight, we cannot heſitate to aſcribe this acceſſion to 
| the abſorption of air, or of ſome part of it, as has been 
already obſerved. See F. 13. and note ſubjoined. 
1 Some inſtances have been mentioned (4. 26.) of 
metallic calxes yielding pure air by means of heat. 
That this pure air has been abſorbed from the atmo- 
| ſphere, ſeems highly probable; and as the preparation 
of minium and of calcined mercury, requires a longer 
expoſure to the action of fire and of air, than that of 
other calxes,, theſe metallic matters may perhaps be 
deprived more perfectly of ſuperabundant phlogiſton, - © 
or may abſorb a larger quantity of air than the calxes 10 
of other metals. Nevertheleſs, we can ſcarcely con- þ 
ſider the pure air thus abſorbed by. minium and cal- 
cined mercury as the ſubſtance eſſential to them as 
calxes, and to which their additional weight is princi- 
| on; Sata for minium, after it has been deprived 
by heat of all its pure air, till retains its calciform 
Rate, and is heavier than the lead from which it was 
„„ 
The calx of mercury may indeed be revived or reduced by the 
haueat of a furnace in cloſe glaſs veſſels without any addition of in- 
flammable matter. And thus the fame operation feems to effect 
the reduction of this ealx, and the expulfion of air from it; which 
_ would ſeem to ſhew that its calciform ſtate is occaſioned merely by 
the prefence of this air; and accordingly Mr. Bayen W 5 
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143. Are not metallic precipitates, combinations of 


acid and metallic earth? And is not the revival of _ 
theſe precipitates effected by the combination of phlo- 
giſton with the adhering acid, forming a gas; and 

with the metallic earth, forming the revived metal? 


144. The production of air, by water decompoſing 


- or abſorbing” part of the calcareous and other gaſes, 


d. 25; the precipitation of calcareous gas from air, 
by the ſeveral phlogiſtic proceſſes; and the ſeveral 
inſtances above mentioned of nitrous, . inflammable, 
and other gaſes being fo altered by various ſubſtances, 
as to loſe their ſpecific characters, and to approach to 
that of air; ſeem to ſhew that theſe fluids contain in 
their compoſition the ſame elements, and that their 
differences ariſe principally from the different propor- 
tions of thefe elements, which take place in diffe- 
rent modes of combination 6, 5 
145. We may eafily perceive that many import- 
ant queſtions remain to be aſcertained on the ſubject 
of this Treatiſe : And although we are highly in- 
debted to the ſagacity and induſtry of thoſe, philoſo- 


phers who have led us to our preſent ſtate of know- ' 
ledge, yet much more remains undiſcovered to excite 


and recompenſe the zeal of future labourers in this 


fertile and ſtill new field of ſciencge. 


When we ſhall be able more fully to afcertain the 


COn- 


' from! this fact, that calxes may be revived without addition-of 


phlogiſton, and thay the theory of Stahl, which makes the caleination 
of metals to conſiſt in the depriving them af N is there 
by overthrown, But a concluſion from a ſingle fact, ſubverſive of 
a theory founded on the general courſe of appearances, ought to 

be very cautiouſly admitted. For it may be doubted, whether 
the very ſmall quantity of phlogiſtan, that may be neceflary to 

the revival of the calx of mercury, may not paſs through 
glaſs veſſels ſoftened by: heat. Although mercury may not be ca- 


pable of fo perfect a calcination as the imperfect metals, -neverthe= 


leſs it is ſo far changed by the combined action of air and firt, as 
to loſe not only its metallic appearance, but alſo, like other vola- 
tile metallic ſubſtances, to be rendered conſiderably more fixed 
when expoſed to beat. It is even ſaid to ſuſtain a ß. ot uri 


my fication, like other metallic calxes, when expoſed to the: pure heatof _ ; 
a burning. glaſs. See a note of Dr. Liewjs, in his tranſlation 7x © 
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een parts of the ſeveral gaſes, the proportions 
bf theſe parts to each other, and the circumſtances ne- 
TE  teeffary to each mode of combination ; we may ther 
perhaps be enabled to diſcover the various compoſi- 
tions, decompoſitions and changes, which theſe fluids 
ſiuffer in many natural operations. We may alſo per- 

bhaps be enabled to trace the ſame ſubſtance throu WP 


2 great variety of forms. Thus we may obſerve the 


dily concrete acid of vegetables undergoing its various 
| changes through the different periods of vegetable 
life from ſeed to maturity; till, by the vinous or 
bother fermentations, or by fire, it 'be diſengaged from 
the more fixed earthy matters, which were united 
with it, be more perfectly combined with phlogiſton, 


na and affumean elaſtic ſtate. In this ſte, it may mix 


with the atmoſphere, and conduce perhaps to ſome. 

of the ſtriking phenomena which happen there; or, 

be abſorbed. by the humid vapours floating in the 

air, and again conveyed by theſe vapours into the 

organs of vegetables; thus paſſing along in that oo 5 
ro- 


d Bo” petual circulation of matter, which makes. the 1 
cdeeus. like face of Nature, an ever- varying, pleaſing | 


poickute. Or, if we may be indulged a bolder imagi- 
nation, where our yet infant experience cannot reach; 


* may not theſe fluids, while raiſed into their elaſtic 


tate, undergo further changes? May they not be de- 
ceompoſed and rarefied into the moſt aclive elements, 
and while they advance in this progreſſion of fubtili- 


zation, may they not acquire new properties and pow-! 


ers, unknown in denſe matter? May they not then 
| pervade all bodies, and become that highly elaſtic 


k ethereal medium, which, as Sir Iſaac Newton + conjece' - 


_ tures, may be the proximate cauſe of cobefion ; of 
.  pravitation; of electrical attrafiom and repulſion ; of 


[| the refrafion, reflection, inſexion, and the heat of 


the rays ve —_ of animal motion, and of animal £ 
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